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FOREWORD

This document entitled "An Investigation of Advanced Pilots Vertical
Display Techniques' is the final report prepared for the Naval Air Develop-
ment Center (NADC) by Northrop Electronics Division, One Research Park,

Palos Verdes Peninaula, California. This report documents the work performed
under Contract N062269-71-C-0574 during the period 1 July 1971 to 31 July 1972,
Northrop Electronics Division Control Mumber NORT 71-295-2 has been assigned

to this report. This report was submitted by the author on 22 September 1972.

The contract is sponsored by the Instrument Techniques Section of NASC
under the supervision of Mr., J. Wolin and Mr. R. Berthot. The program was
administered by Mr. K. Priest and Mr. N. Douglas of NADC.

Mr. J. McDade was the contractor program manager. The other Northrop
personnel contributing to this program included Miss P. DuPuis and Messrs.
E. Ebright, F. Freeman, J. Gunther, R. Honzik, T. Noda, W. Richardson, and
H. Shoulders.
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ABSTRACT

This report summarizes the results of a one-year investigation of advanced
pilots vertical display techniques. The purpose of the study was to appraise
the relative merits of nonconventional display techniques for 1985 era, all-
weather, naval attack aircraft. The vertical display system (VDS) must present
situation, command, and multisensor (radar, FLIR and TV) information to the
pilot and systems operator for aircraft flight control and mission functionms.
Mission requirements were established which, in turn, defined the information
content, functional and human factors performance criteria for the VDS. Two
mission plans and scenarios were prepared to cover a wide range of aircraft
flight conditions and weapon delivery modes to exercise the various avionics
seusor systems and establish the worst-case or most demanding VDS information
and design requirements. A weighting factor tradeoff analysis was conducted
using system parameter performance weighting factors selected by representatives
of NADC to determine the capabilities of the twelve most prowising nonconven-
tional display techniques for fulfilling the VDS design requirements. Using
weighting factors established by the Nevy, the DIGISPLAY and liquid crystal
display techniques were the most promising display techniques for the VDS
applications. A tradeoft and cost-effectiveness analysis was conducted to
determine the optimum scanning standavds and the system design specifications
for a complete VDS DIGISFLAY system. The results of this study indicated that
\he 875 TV line scanuning standavd with e{ght shades of gray scale was the opti-
mu cholce, because it offered the highest performance per unit cost of all the
systens analyzed, and hence was cousidered the most cost-effective. A prelimi-
pary design was prepared for the optimum VDS, and a series of simulation tests
were conducted tv verify the parformance and flyability of the recommended
design.
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1.0 INTRODUCTION AND SUMMARY

This final report summarizes the results of a one-year investigation of
advanced vertical display techniques performed under U.S. Navy Contract

N062269-71-C-0574., The purpose of the study was to appraise the relative merits

of nonconventional display techniques for their potential application in an
advanced multisensor vertical display system (VDS) for use in a 1985 era
naval all-weather, day/night attack aircraft. The aircraft will be a two-
place (tandem cockpit arrangement), post-F-14 design with top speed of Mach
3.0 and be capable of supersonic dash at Mach 1.2 at sea level for radar
penetration purposes. %The vertical display system must present situation,
command, and (or) multisensor (radar, FLIR and TV) information to the pilot

and systems operator for aircraft flight control and mission functions.

The study was conducted in three parts. The first part defined the total
mission requirements, including information, functional, and human factors re-
quirements, and established vertical display system performance and design
criteria based on the anticipated aircraft avionics systems and weapon capa-
bilities that will be available in the 1985 era. Two mission plans and
scenarios were prepared in order to cover a wide range of aircraft flight
conditions and weapon delivery modes tu exercise the various avionics sensor
systems and establish the worst case or most demanding VDS information and
design requirements. Functional flow diagrams were prepared for the pilot and
Systems operator stations from which the essential information requirements
were determined and allocated to the various onboard cockpit display systems.
The VDS display content was developed and compared with other display systems
on presently operational aircraft, and a series of display formats were syn-
thesized with a VDS mode of operation designed to cover each flight phase of

the aircraft.

¢

The VDS performance objectives and design goals were determined by ana-
lyzing the worst case imaging requirements of the high-resolution multisensor 3
avionics system contemplated for use in the 1985 era. This included such
sensor systems as low-light-level television, high-resolution vidicons,
forward-looking infrared (FLIR) and multiple mode radar systems. A modulation

transfer analysis and signal-to-noise analysis were performed to determine the i




most important parameters for the dot matrix display such as resclution, con-
trast, shades of gray, and number of scanning lines required to be compatible
with the anticipated levels of performance expected from the complete sensor
system. The modulation transfer characteristics of a digitally scanned dot
matrix display system were derived and compared with the continuously scanned
case, and the human factors requirements were determined including display

brightness, refresh rate, symbol size and font.

During the second part of the study, a weighting factor analysis was con-
ducted to determiné-the capabilities and limitations of the various advanced
non-CRT candidate display techniques in regard to their potertial fulfillment
of the VDS design and performance goals previously established. A literature
survey was conducted and the most recent performance data and display techni-
cal information was requested from 25 of the leading commercial companies
involved in extensive research and development programs in the various display
technology areas of interest. This information was compiled, analyzed and
estimates made of future (1975) system performance based on the levels of
performance achieved to date. This data was analyzed and evaluated using a
serles of weighting factor assignments (allocated by representatives of NADC)
to 24 of the most important display characteristics and performance parameters,
The weighting factors were formulated for the purpose of evaluating and cowm-
paring the capabilities of the various non-CRT techniques regarding their
potential application to the 1985 VDS. These characteristics aud performance
parameters were Selected as a result of studies which indicated that they would
have a direct effect on the performance of the video systesm, and could be used
as guidelines to the eventual determination of whether the candidate display
techniques could achieve the level of performance required for an operational
VDS. The results of the weighting factor analysis enabled the relative ranking
and narrowing of the total of 12 candidate display techniques down to the five
most promising. These five techniques (including DIGISFLAY, liquid crystal,
ferroelectric, LEDs, and A.C. plasma) considered to be tha most attractive
candidates for the VDS application were then studied in detail with respect to
the systems reliability considerations, and a final ranking of the top five
candidates was performed.

&



The DIGISPLAY and liquid crystal techniques received the highest scores in
L.e analysis using Navy weighting factors, and were therefore considered
as the most attractive candidates for the future VDS. It was decided to use the
DIGISPLAY for the preliminary design analysis because of Northrop's familiarity and
experience with the technique, and because it had received the highest weighting

factor score.

The third part of the study conducted a prelimivary design tradeoff and
cost-effectiveness analysis to determine the optimum operational and design
parameters for a DIGISFLAY VES. Scanning standards of 875, 945, and 1023 TV
lines were considered with efght and ten shades of gray scale capability. This
study concluded that the 875 TV line scanning standard with eight shades of gray
was the most cost-effective system design for the VDS application. A preliminaxy
design analysis eof this system was performed to determine the preliminary speci-
fications for the complete system including the display, computer, scan converter,

s+mha} generator, and interface electronics.

A simulation program was also conducted during the third pari of the study
to obtain diagnostic measurements of a similated dot matrix d4splay in couwpari-
son with a conventional raster scanned CRT and to deterwmins the relative merits
of the 875, 945, and 1023 TV line scanning standards. . dynanic simulation of
the proposed VDS dot matrix formats for takeoff/cru’se and landing wodes was
conducted to evaluate and obtain system design 2d human factors informatien
regarding optiman font, size and spatial grovping of symbols, the placement,
tovement pattaras and contents of the iaf- rmation, and the adaptability of
the pllots and systems opevators for ¢.aversion frow the existing cockpit

displays te the proposed aew VIS,

REPORT sinuany

The vepor® s ovganized wnte three parts. Part one consists of spctions
! and I which are covceried with the establishwment of the preliminary design
goals of the VBS. Iuncluded in Secti-a 1 of this report arve the mission plans,
scenarior, and the Yuhctional Ylow diagrams associated with the proposed mis-
sions. The information requirements and display content are analyzed, and the

sugpested fotmats Yor the various VD' display mndes are presented.




Section 2 contains an MIF analysis of the worst case -imaging requirements
for the various avionics sensor systems carried on board the attack aircraft.
The human factors requirements are discussed and the VDS performance criteria

and design objectives are established.

The second part of the report contains sections 3 through 7, which are
concerned with the selection of the optimum display techniques for the VDS
application.

Section 3 discusses the derivation of the weighting factors from the VDS
design goals, Section &4 presents a short technology assessment of the various
display technologies. Section 5 discusses the results of the weighting-factor
analysis and presents the relative ranking of the candidate display techniques.
Section 6 analyzes the system reliability considerations of the five most
promising display techniques. Section 7 contains the conclusions and recom-

mendations of the display technigues study.

The third part of the report consists of sections 8 through 11 which are
concerned with the selection of the optimum design parameters for the VDS,
Section 8 discusses the results of the diagnostic and dynamic format simula-
tion programs. Secticn 9 contains a trade-off analysis of 875, 945, and 1023
TV line VDS DIGISPLAY systems, Section 10 is a cost-effectiveness analysis of
the optimum system parameters for the VDS application, and section 1l presents
a preliminary design analysis of the proposed VDS system.

The appendices contain supporting technical information that is pertinent
to the study results., Appendix Al contains the derivation of the MTF charac-
teristics of a digitally-scanned dot matrix system and compares the performance
with a continuously scanned system. Appundix A2 contains the detailed scoring
sheets for the weighting factor analysis. Appendix A3 describas the principles
of operation of a storage DIGISPLAY system. Appendices A4, A5, and A6 provide
detailed calculations of the capacitance parameter values for the switching
plates of the DIGISFLAY systems that were studied, and Appendix A7 calculates
the phosphor life versus brightness for the recommended DIGISFLAY systems.
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1.1 STUDY METHODCLOGY AND SYSTEM PARAMETERS

Sections 1.1 through 1.9 of this report contain the results of the Require-
ments Analysis conducted by Northrop Human Factors/System Analvsis personnel.
There analyses provided the baseline data and Human Factors requirements for

the Vertical Display System (VDS) study.

The purpose of this effort was to determine what information should be dis-
played, and the optimum formats for its presentation on the integrated VDS for
either the pilot, the system cperator (or bothj during the conduct of various

attack missions during the 1985 time frame.

A systematic approach was implemented during the first phase of this study
to develop firm base lines, hypotheses and constructs required for the projection
of future mission-oriented requircments, Two primary ground rules were exercised
throughout the secquential development of the Human Factors analyses. First, the
information required would he identified at the appropriate level for each specific
mission phase, scgment, or task. Secondly, the aircraft on-board systems and
weapon/delivery modes would be based on conservative estimates of future system

and subsystem develcpment.

The Requirements Analysis consisted of three major areas. These analyses
included the definition of Missior Requirements, the identification of Informa-
tion Requirements and the determination of Display Content. The following

tasks were accomplished and are discussed in dotafl in subsections 1.1l through 1.9,

a. Establish mission/sensor/weapon parameters for the required time frame,

b, Datermine sensor or sensor combinations used for accomplishment of specific

mission, vr mission segment objactives.

¢, Determine attack missions and mission parameters, ard prepare scenarios !
for specificd missions,

d.  Prepare Functional Flow Diagrams for sclected wmissions, and allocate * J
functions to pilot awnd/or system operator positions. ;

¢.  Develop Information Requirements (IR) based on identified mission functions, E

functional control/display arcas at each crow station.

|
l
4
and allocate the {nformation displayed to the fntegrated VDS, or to other 1




f. Determine VDS information content and compare with existing VSD system(s)

display content,.

g. Develop Control/Display Requirements, including display format, symbology,
presentation mode, etc., Emphasis will be directed toward military standard-

izatien requiverents for this type of displayed information.
h. Prepare recommended VDS formats for selected mission phases.

To obtain a realistic baseline for the information requirements of the air
crew for successful completion of the selected attack missions, the following
variables were analyzed: parameters of a 1985 attack aircraft; probable onboard
sensor systems; and the probable types of weapons which will be delivered in the
operational time frame. The aircraft, sensors and weapon delivery modes were
based on a conservative projection of subsystem capabilities for the 1985 time
period. The projected subsystems hypothesized may be more efficieant, reliable,
automatic, etc., cthan the existing operational systems, but they will be required
to operate in the same envirenments, by the same types of personnel, and the
sensor systems wili be constrained to operate in the same spectral regioms as

presently existing systems.

1.1.1 Migsfon Parameters

To fully exercise and allocate the vertical display system vequirements,
missions vere selected which required aircraft lavach, penctration, atisck and
recovery during the worsc case flight conditions. Low level pesetration and
withdrawal mission phases vere szclected for analysis, as these flight regimes
require more fnformation to be displayed at one time than high level cruise to
and frow the targel atrea. )

For the purposes of examining the effects of automation on the pilot's
and systeh operator's information requirements, tvo levels - ot degrees - of
wan/machine system automatiosn were investigated for the takeoff, cruise, low-
level penetration and recovery mission phases. MNission No. | was based on a

)

semiautomatic man/machine systewm. In this wode, the opetator perforcs
in series with the equipment as part of a closed loop system. Niserion No. 2

vas based on the alrcrafi systeo designed as an auvtomatic systew, where the




operator performs parallel operations. That is, the pilot's or system opera-
j’ tor's roles are that of system or subsystem managers, with monitoring and fault

correction as the primary system functions performed.

Section 1.2 details the factors and parameters used in the development of

the Mission Scenarios.

1.1.2 Aircraft Parameters

The attack aircraft postulated for the 1985 time frame is a twin engine,
two place (tandem) cockpit Jesign with a primary air-to-ground weapon delivery
capability and an effective air-tow~air defersive capability. The aircraft is
designed for comventional takeoff and landing, incorporates a variable sweep
wing, and has air-to-air refueling capabilities. The aircraft is designed for
a sustained speed of Mach 2.8 at optimum altitude with a temperature-limited
dash capability of Mach 3.0. It is capable of sustained sea level flighr at
Mach 1.2 and (low-lavel) dash at Mach 1.5,

The aircraft incorporates a high level of automation, including a digital
avionics system, integrated stores management/weapon delivery system, autemmted
fire contrvol systam and a fully integrated control/Pisplay systesm st the pilot's

’ and systes operdior's pouitions.

Both crew stations will contain a3 wmultisensor VDS which can preseat at
. least the inforsation fraa two sensors simultaneously. The {ield of viaw (FW)
. of gach sensor wouid be desipned to have the same azimuth and elevation coverage
so that the individual zetsor "plcture" could be superimposed ovet another seusor
picture at the same time. Wide asngle or warrow angle FOs would be seleciable at

cach crev piition.

The simultancous presenwation of information would be especially effectiive
for tavpet detection, identification and designation. For instance, tadat and
IR veturns could he combined during tatpet acquisition. The radatr relurus could
be limited Yo presont wmodiun contrast tervain features in the tatpet ares while
ot targets vould be highlizhted by the supetpositionad IR rotwtuns. Depending
< upon the type of ferrain, weathet (snow covering, etc.) and tatpet twpes, the
IR and radar roles may be teversed so that the IR presents the background

vivile the radar provides the tarpet imforration.

e b - - .




1.1.3 Sensor Parametess

A working paper matrix 'ms developed to compare existing sensor capabilities
and limitations under varieu operational conditions such as: ''Day - clear,
restricted, obscure; Night - clear, restricted, obscure,' vs target tyve and
present usage. The purpose of this task was to determine which sensors could
be .sed singly to accomplish a mission phase objective, or what combination(s)
of sensors could be used simultaneously for even greater efficiency in accom-
plishing such tasks as targét acquisition and weapon employment. A second but
equally important objective was to determine the potential information/content
which could be displayed and the effect on the multipurpose VDS display

requirements.

The on=~board sensors considered in this study include:

Forward .ooking Radar - FIR
Aiv " r_ercept Radar AIR
Forward Looking Infrared FLIR
Air Search Infrared ASIR
Low Light Level TV LLLTV
High Resolution TV HRTV
Laser - LaAS
Target Identification System Eiectro Optical ~  TISEQ
Radar Homing and Warning - - RHAW
Identification Friend or Foe - IFF/SIF

(Secure Identification Feature)

Photo Camera : - PC

1.1.4 Weapon(s)/Delivery Mode Parameters

The following types of weapons were considered in this study:

a, Air-to-Ground:
Conventional bombs
Nuclear weapons
Standoff weapons
Rockets
Mines
Torpedo
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b. Air-to-air;

?:ff ‘ ;§> Missiles (long range and dog-fight)
§ | Cannon (20=30 mm)
i;' 1.1.5 Reconnaissance Sensors :

The following types of reconnaissance sensors were considered:
Infrared {Line Scan)
Side=Lookiaz Radar
Photo

Laser Camera

-8t 1,1.6 Tactical Systems

o2

The tactical systems assumed to be operational ia the 1985 time frame

include:
. a, Automatic Carrier Landing System - ACLS
" >‘: The ACLS performs its primary function during Jarkness and weather and
i is activated on the final appr-ach after the initial approach and the
';?-f. ‘!i proper flight configuration have been established. The system provides

the capability to automatically recover an aircraft on the carrier deck
without pilot intervention. ‘The Landing Signal Officer wonitors the
system operation and provides for wanual override if “waveoff" action

should be required.

b. Carrier Controlled Avproach System - CCA

This system performs the function of establishing the initial conditions
for handover to the ACLS and controls all aircraft entering the land ing
pattern. The CCA also provides the capability to perforw the sswa

functions as the ACLS wouid perform in a semiautomatic mode.

¢. Combat Information Center - CIC

The CIC may be established on the carri{er or as an Airborne CIC. The

role of the CIC is to provide cowmmand and control of all launched aie-
craft in the assigned airspace subsequent to handover from departute

control and until handover is wade to the CCA for recovery., The CIC




also receives all strike information, provides control of air refueling
areas and assignments, assists in rescue operations and provides pilot o

advisories.

Joint In-Flight Data Transmission System - JIFDATS

JIFDATS »rovides the capability to transmit sensor data (IR, SLAR,
Photo, etc.) from an airborne reconnaissance aircraft directly (or
via a relay aircraft) to a shipboard terminal for recording and

viewing the data in near-real-time.

10



1.2 MISSION PROFILE AND SCENARIO DEVELOPMENT

The mission scenarios were developed for the purpose of conducting a
comprehensive mission analysis and are based on Naval tactical doctrine applied
to the hypothetical combat situations. Specifying the theater of operations
was not considered essential in the development of the scenarios, since the
missions described herein could be flown in many geographic locations. The
missions described and the mission data generated can be applied to various

types of Naval operations encompassing limited to full scale tactical situations.

Figure 1 depicts the mission parameters and first level functions
selected to exercise the 1985 attack aircraft, on-board sensors and the Vertical
Display System (VDS). The heavy flow line indicates the air~to-ground bomb
attack and subsequent -air-to-air defensive engagement hypothesized in Mission
Scenario No. 1. The mission plan and overall flight profile from launch to

recovery are also shown on this drawing. B

Mission No, 2 includes a standoff weapon attack (Function 1.20) and a sub~
sequent surface-to-air missile attack on the aircraft during the Escape Phase.
First level functions 1.2 (Launch) through 1.5 (Penetrate) are identical to

Mission No. 1, as are functions 1,13 (Cruise Back) through 1.15 (Recover Aircraft).

The factors considered in developing the specific mission requirements,

mission plans, profiles, sensor and weapon selection, and operational procedures

are as follows:

a., The scenarius to be baged on realistic operational mission requirements

involving launch and recovery from an attack carrier.
b, Target types which are typical of interdiction and counter~air missions.

¢, The tavget location and mission contingencies shall provide for exercising
various realistic enroute and escape/recovery situations requiring different

operational modes and displayed information.

d. The weapon(s) selected for delivery may exercise two or more sensors
raquiring different display characteristics,

e. Weather and time of day to be realistic and provide for exercising various

types of sensors and displayed information.

11
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f. Aircraft and equipment capabilities and limitations as they affect the

mission plan and profile.

The requirement to be able to isolate and identify critical operational

functions requiring specific information to successfully complete a tactical

maneuver or task were also introduced into the mission scenarios.

For each mission these factors were integrated into a plan, then trans-
ferred to a map which depicted various typical targets, defenses, terrain and
postulated military activities. Based on previous tactical mission planning
and operations and with reference to Naval doctrine, a mission plan was

developed.

13




1.3 MISSION NO. 1 - EXECUTION DESCRIPTION an

The first~level functions required for Mission No. 1 are further broken
out to second-level functions depicted in Figure 2, sheets 1 and 2. The flight
profile associated with each mission phase is shown above the applicable phase
and associated functions. The vertical phantom lines indicate the scope of
the individual first level functions and are referenced along the bhottom of

the drawings.

The first level functions, 'Cruise Qut" and "Penatrste," differ wmainly in
that during Cruise Out (or back) we assume that the aircraft is over friendly
territory and not subject to surveillance or attack from the ground. During
the Penetration phase, it is assumed that both electronic surveillance and the
possibility of enemy ground=to=-air &nd air-to-air attack can occur at any time.
The Escape phase {s similar to the Penetration phase in that the same conditions
exist} i.e., the desirability of escaping detection and possible attack. In
both the Cruise Qut and Cruise Back phases, more emphasis can be placed on ‘
effective fuel management techniques, such as reduced airspeed and increased

altitude, since the aircraft is beyond the enemy's early warning line.

2

The major mission phases prior and subsequent to the actual attack phase

e e

were selected to exercise VDS capabilities and assure that the pilot and/or
system operator obtains necessary and sufficient information te successfully

complete the hypothetical mission described in section 1.4,

The air-to-air defensive engagement {s an "unplanned event" following the
bomb attack and occurs shortly after the attack aircraft has descended to the
preplanned escape altitude. As depicted in Figure 2, sheet 2, the ajir-to-air
pre-attack, attack and post-attack functions are offset from the preplananed
mission events. After successfully completing the attack, the remainder of

the Escape Phase (1.9) and subsequent mission phases are completed.

The following abbroviations used in the second level function flow block
diagrams and mission scenarios include:

Al/S = Alrspeed
A/C = Alrcrafe
ATA = Actual Tiwe of Arrival
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1.4 MISSION SCENARIO NO, 1

The mission scenario developed in this example is representative of possible !
Naval operations in ary theater of operations. It is assumed that an amphibious
assault landing has been scheduled within 24 to 48 hours of launch, depending
upon weather and sea conditions. An attack carrier task force has been committed
to support the assault., Pre=-assault interdiction raids are to be carried out
against the enemy's airbases, defenses, logistics and transportation routes in

the assault area to isolate the beachhead. This mission is a pre-dawn attack
where the time over target (TOT) will be prior to first light as calculated

from nautical twilight. Weather at sea during launch and recovery is forecast
to be marginal due to fog and low clouds. Weather on the coast is forecast to
be "socked-in" with zero visibility. Visibility enroute to the target is fore-
cast to be 1 to 2 miles, gradually improving imland, with visibility in the
target area wvarying from 2 to 3 miles. The terrain between the coast and the

target consists of flat terrain, low rolling hills and several small wmountains

with elevations to 4500 feet. The route has been selected so that & low-atti-

tude approach can be made using terrain following and terrain avoidance modes

up to the initial point (IP). The target area is expected to be dJdefendzd dy -
surface-to-air missiles and anti-afrcraft artillery. To take advantage of

the element of surprise, a high-speed, low-altitude approach has been chosen.

This mission profile provides a high probability of emission success while mini~

wizing losses due to enetry ground-to-air defensive weapons. Escape from the

target area will be at 2 minfmun altitude using terrain avoidance and terrain

following modes. Threat detection equipwment will be wmonitored throughout the

wission. BEQN gear and alr-to-air anissiles will bde carried and employed as re-

quired for protection. '

4
It is sssumed that the Flight Director System (FDS) will incorporate data

from a satellite navigation system and be cap.ble of accepting digital flight
plan data for automatic naviation and/or programmed flight control at the
operator's option. In either case, flight plan data will normally be available
for display, either automatically or upon quety by the aircrew.

For this mission, it is assumed that although programmed automatic flight

plan, profile and weapon delivery information has been prepared and stored in
the FD§, the execution of this wission phase vill be controlled by the alrcrew. : }
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This assumption is based on the possibility that the navigation and target
charts may be in error, and the target data is out of date due to previous

restrictions relative to overilight reconnaissance.
The operational sensors utilized during Mission No. 1 are:

a. Forward Looking Radar

b, Fuorward Looking Infrared

c. LRHAW
d. ASIR
e. IFF/STF
£. TISEO

g. Ground Mapping Radar

The operational weapons that may be employed on Mission No. 1 are:

a. Bombs (conventional - high explosive)
b. Guided Missiles - Air-to-Air (target seeking)

In the remaining portion of this scenario the first-level functions are
further detajled to provide a baseline for the development of the second-level
functional flow diagrams. The first-level fuactions depicted in Figure 1

are now used to establish the major mission phases at the second level.
Sheets 1 and 2 of Figure 2 present the second-level functions and sequen-

tial flow of the mission operations described in this scenario.

In the following paragraphs, specific crew tasks are described in relation
to the mission progression and identify those operations which must be accom-

plished during a particular phase prior to entering the subsequent phase,

FUNCTION 1.1 - PREFLIGHT AIRCRAFT

The pilot and S.0. conduct a system check (go/no-go) following engine
run-up and aircraft checkout, This function i{s not broken out at the second
level functions, as there sre no new or additional information requirements
generated by this function which would be displayed on the VDS,
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FUNCTION 1.2 - LAUNCH AIRCRAFT

The mission aircraft is launched from the attack carrier in darkness in

near zero-zero conditions, Strike is scheduled to occur in darkness just prior
to first light before dawn, After the pilot and the systews operator

have performed all prelaunch checks anrd upon the signal of the deck officer,

the aircraft is taxied to the catapult., The catapult 1s attached and after final
cockpit checks, including the S,0,'s final update of the inertial guidance
system, the pilot signals ready for takeoff. After catapult launch and release
the pilot maintains the proper attitude, safe altitude and retracts gear and

flaps. He then permits the aircraft to accelerate to best climb speed.

FUNCTION 1.3 - CLIMB/DEPARTURE

This mission phase uncompasses the climb immediately after launch and the
establishment of departure heading, azltitude, airspeed and systems configuratiom,

As soon &s the alrcraft has become safely airborne with gear and flaps

retracted, a climb is in{tiated, Pltch sttitudes are varied to maintain

a safe climb speed in accordance with the predetermined climb schedule A
until reaching & departure altitude dictated by enemy defensive capability. -
Here it is assumed the cruise out will be accomplished at 1000 feet absolute

altitude.

FUNCTION 1.4 - CRUISE-OUT

This mission phase encompesses the enioute cruise from the duparviwce point
to the penetration point where Early Warning (EW) contact may be «ro:vtad.

&, Upon leaving the departurc point, the pilot establishes the te~-planoed

cruise airspeed for the low-level flight altitude selected, here assumed

to be 1000 feet, The flight plan heading and altitude is maintained ¢o the
penetration point,

t. The system operator performs sn {n-flight check of .11 systems, verifies

their operational status and places the FLR system in standby mode to
prevent early detection.

The ASIR and RHAW (passive) systems will be o

and monitored by the S.0.




¢, The pilot verifies the S.0.'s aircraft and avionic systems checks to

ensure that the aircraft can perform its primary mission,

d. Prior to the ETA at the penetration control point, the system operator
verifies the aircraft position from data supplied by the Flight Director
System (FDS) and advises the pilot when to start descent to the penetration
altitude,

e. The pilot "lets down" on instruments to the pre-planned penetratioam
p

altitude, here assumed to be 100 feet absolute,

FUNCTION 1,5 - PENETRATE

This mizsion phase encumpasses the peretration of the enemy EW system
coverage and the coastal penetration over hostile territory where pre-atteack

activities are coemenced.

&, While letting dowm to the EW penetration point, the pilot establishes
the penetratiun airspeed (1.2 mich). He trims the asircraft to maiantiin
level flight upon reaching penetration alcitude.

b. The crew selects pre-planaed radar modes which will be used in penetvation
and atgack and places the rader eguipment on atandby until within
approximutely 20 wu of the cosstal penetration point. Upon reaching
this positlon, the radar is enabled and the pilot ani $.0. adjust cheir
VDS's for the appropriste rodar imagerv.

¢. When the cosstline appears vu the pilot's and systum opecetor's displeys,
the pilol establishes the penetvaticn hesding and cititude. The system
operator verifies the posicion of the aircraft at the cosstal penctration
point, Updeting the FUS if vequived,

d. Stmce the vomstael plain over wihich peusttation is te be wmade consists of
lov toll’' ng nills, terrein following at the pre-pisuned sltitude, here
assumed ¢o be 250 feel, is established,

n




FUNCTION 1,6 - PRE-ATTACK (AIR/GROUND WEAPON DELIVERY)

This mission phase enconpasses the approach to the initial point (IP), the

nreg———
H (e

acquisition of the IP by the on-board sensor display(s), and the establishment
of the ..cading and flight conditions and a2quipment configurations to successfully

complete the weapon delivery,

~w~@ & a, On the approach to the IP the pilot maintains the pre-planned clesrance

over the terrain, holding the flight plan heading and airspeed.

i b. The system operator monitors the mission progress, Based on the flight
b plan estimated time of arrival (ETA) for the IP, he anticipates itu
appearance and configures the FLR for acquisition of the IP. The 1P,
assumed to be an island in a large lake, has been selected for its unique

radar features,

¢. After configuring the FLR equipment for optimum ground feature presentation,
he monitors the FLR display in ovder to acquire and identify the IP., When
he detects and identifiss the IP as briefed, he refers to the flight plan
coordinates of the IP, comparing the NAV system coordinates with the given
coordinates. As the alrcraft passes close to or over the IP, the system
operator updates the inertial navigation systewm, or verifies the accuracy
of the NAV system coordinates as being within an acceptable telerance limit.
Just prior te passing over the IP, the pilot is provided with the new
vequired heading for the target. If the IP was not msde good (passing to
the side), the flight plan heading will be adjusted to compensate for the
deviation iu track, snd the nev heading (adjiusted) wili be provided to the
pllot, Updating of the NAY system may 2lso be accamplished earoute by
vefevence to the Setellite Navigation “ystem data,

d, Usiag the heading data piovided, the pll t estadlishes the new hesding
atid attitude for initiating the target approach. In ovder to minimize
the chance for ascquisition by ground defensive &M systems, the pre-planced
winimge safe altitude is mainteined usiyy tertain Yoilowing and Letrain
avoidance modes. Rmske abatement prucadures are initiated by tie pilot
to reduce the eircvail’s visible signature prior te entering the target

afex.
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e, While the pilot is establishing the new heading, the system operator
configures the WDS for the pre-planned attack, Here it is assumed that
conventional weapons such as the MK-82 (high drag) will be used against
the target, Bombing approach, release altitudes, airspeeds and weapon
ballistic data are determined and the preplanned data are verified. The
pilot confirms the WDS selections and preset data, enabling the system

when all delivery parameters have been verified.

f. After configuring and verifying the WD3 selections, the system operator
configures the FLR and FLIR sensors for acquiring the target and deliver- -
ing the weapon., Two sensors, working in conformation with each other,
have been selected as the optimum tsrget display., The FIR was selected
in order to be able to acquire the target at sufficient range to insure
the proper approach course., The FLIR was selected in order to provide
additional detail (resolutiom) in the target area so that a specific aim-
ing point can be identified. An added benefit of the FLIR is that it is
passive and may be used for final aiming point refinement in the event

the enemy should employ ECM against the FLR,

g, After configuring ;he FLR/FLIR equipment and verifying their operational
' stétus, the svstem operator searches for the target area as it may be
observed on the attack approach, It is not expected that the target
will show until increase in altitude (pop-up) is made at approximately
8 nm from the target, The time to pull-up has been computed from the

IF as a control point and is contained in the pre-planned mission data.

FUNCTION 1.7 - BOMB ATTACK .

This mission phase encompasses the final run into the target area, the

detection, identification and selection of the target aiming point, weapon i '

release and aircraft withdrawal maneuver after '"bombs away." Using a low
level attack with a pop-up maneuver executed approximately 45 seconds prior o
to weapon release, hostile reaction time is minimized, resuiting in an in- '5 ‘

creased probability of mission success and aircraft survivability,

a, In conformance with the flighﬁ plan, a "pop-up" is made to the pre- y
determined altitude at the indicated time, The pilot during the pop-up ,1
redqces airspeed to approximately 0.92 Mach, At level-off altitude, \ffﬂ

. ké
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airspeed is stabilized for the run to the target, With the increase v
in altitude, the target is to be illuminated by radar, The system

operator detects and identifies the pre-planned target, providing target

designation information to the pilot,

b, The pilot, using the target designator information locates the target
and initlates target tracking, entering the requisite 10 degree dive for
the MK-82 weapon, The system operator confirms that the aiming point
has been located. The FLR data display provides target ranging informa-
tion, while the FLIR data display provides additional target detail for
accurate aiming point positioning,

¢, After confirming that the pilot has the aiming point precisely located,
the system cperator monitors the RHAW and ASIR ror possible air inter-
cept by hostile aircraft and/or surface-to-air missile launch.

d. As the aircraft closes on the target, the pilot continues target tracking,
initiates the final aircraft alignmeut with the target, and releases
the weapons. The sy3stem operator confirms weapon release by reference
to the WDS data. After "bombs away" the pilot takes the pre-planned

e’

-ia’

evasive maneuver to clear the target arsa, The system operator con-

figures the FIR for terrain following/terrain avoidance mode.

FUNCTION 1.8 - POST ATTACK

This mission phase encompasses clearing the target area, including target
damage assessment if visibility permits, and communication of the strike report
if required in the mission plan,

It is assumed that during the evasive maneuver after weapon relecase, the
§.0, will verify weapon detonation on target, and will make whatever target
damage assessment is possible, These data are then prepared for strike report
transmigsion. As the pilot rolls out on the escape heading providad by the
flight plan, the WDS is placed in SAFE configuration by the system operator,
and verified by the pilot,
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FUNCTION 1,9 - ESCAPE

It includes establishment of the escape mission heading, altitude and airspeed as

This mission phase encompasses the low altitude escape from the target area,

pre-planned, Monitoring the KHAW equipment for detection of enemy counteraction

is essential during this phase,

1%

<.

While clearing the target area, it is assumed that the pllot accelerates
to 1.2 Mach., After roliiug out on the required heading, descent to the

pre-planned escape altitude is accomplished, A minimum safe altitude

above the terraiu is maintained,

The system operator, using the target area as a departure point, determines
and verifies the escape courst/heading and provides the pilot with heading
information. Both the $.0, and the pilot monitor the RHAW equipment for
hostile enemy airvcraft and/or surface to gir missile activity, It is
assumed that the system operator detscts radiation from possible enemy
alreralt in the forward sector and notifies the pilot of the potential
threat, Upon dutecting a signal indicating air-to-air scan and lock-on,
jawaing of the threat {¢ immediately attempted. If the jamming is
successful, the aircraft continues its pre-planned escape. 1I1f, however,
the jamming i{s net svecessful, thae pilet wust make a dacision whether to
attack the potential thruat or accelerate to maximum speed and attempt
evasive maneuvars. Since {t i3 probable that the threat is an enemy high
sltitude intarceptoy equipped with moving tavrget "look down™ vadar and
“shoot down' missiles, the pilet decides that he must attempt to destroy
the threat with counterair aiesiles. Assuming the potential (hveat is
indeed an noewy, and assuming that the countevair action is successful,
the alivereft resuwsss ifs pre-planted escape. (The aiv-to=aiv attack

functinnzg .10 « 1,12 follow this function.)

Aftoy completing o successful aiv attaeck, the pilot re-establishes the
heading for the coast-out point, wmaking a tapid descent to continue a low.
leve! escape. Though & would be advantageous, from a fuel somzervation
standpoint, to axil ot high asltitude, hostile sutiace-to-ait misrile

defensed dictale o low-level escape to the coast, 7Z{ter descent, Lerrain

~_ Yolloviag snd aveidance Lactics ate ewployed using the FLR as the primary

- pileting &34, The syilem gperator continuer to sonitot the RHAW and ASIR

Trer inddeaticos of hestile activity, and assists the pilot in low altiitude

wigat doe,

o~
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d. As the mission aircraft approaches the coast, the FLR provides a display
of the coastline and a departure fix is established by the system operator.
As the coast is crossed, the system operator provides the pilot with a
new heading, safe altitude and ETA for the marshaling point. The pilot

establishes the new heading and altitude, and reduces power to optimum
cruise airspeed.

FUNCTION 1.10 - PRE-ATTACK (AIR-TO-AIR)

This mission phase encompasses the preparation for an air-to-air attack
using long range missiles,

a. In preparation for the attack against the possible enemy aircraft, the
pilot configures the radar system for air search and initilates a pull-up
into a maximum rate climb using appropriate power settings, Concurrent

with the pilot's action, the system operator configures the TISEO system

and checks his IFF equipment configuration status, Subsequently, the
system operator configures the WDS for a missile attack,

b, Upon completion of these tasks, the pilot confirms the WDS weapon selection
and arms the system. The system operafor and pilot continue to monitor
the warning display for radiations indicating bearing to the target and type
of hostile action/intent, As the mission aircraft climbs, the search for
the possible hostile ajrcraft continues until radar detection is accomplished.

FUNCTION 1.1l - MISSILE ATTACK

This mission phase encompasses the detection, identification, interception
mancuver and missile launch at the hostile aircraft.

a, The search for the possibis hostile aircrafi continues until detection

is made by the intercept radar. Upon detection, the pilot maneuvers
the afrcraft for position advantage so that a missile may be launched.

The attack cannot be wuade until the aircraft has been identified as

friendly or hostile. Since friendly aircraft are known to be flying cover

tor this sortie and ocher sorties in the agsault area, positive identifi-

cation is required. The system operator interrogates the possible hostile

afrcraft with IFF/SIF and attempts visual identification with TISEO. The
presence of scattered clouds prevents TISEO acquisition. The results of
IFF/SIF i{nterrogation are nagative.

26
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b. Since no response is received from the unknown aircraft, it is presumed
4s hostile, the decision to launch a missile is made by the pilot. When
the mission aircraft has maneuvered into firing position as determined by
the intercept radar, the missile is launched. The pilot elects to continue
closing after the launch of the first missile in the event the second

missile is needed.

FUNCTION 1.12 - POST ATTACK (AIR-TQ-AIR)

This mission phase encompasses the determination of the success of the
attack (hostile aircraft disablement or destruction), the search for additional

hostile aircraft and the continuation of the mission back to base.

a. Several seconds after launch of the missile, the radar on the hostile
alrcraft terminates transmission and the single radar blip is replaced
by sceveral small returns on the intercept radar display. Immediately,
the pilot terminates the intercept maneuver, turning to the heading

previously being flown and descending to terrain clearance altitude,

b. At this time, both the pilot and sysvem operator check and verify the
status of all aircraft systems. The system operator returns the WDS to
SAFE, and his action is verified by the pilot. A search for other air-
craft in the area is continued as the wmission aircraft procceds to the

coast=-out point,

C. While continuing the search for other aircraft, a contact is made;
however, on interrogation, it is determined to be friendly and from
the approximate range and distance it is believed to be part of the

friendly air cover being provided the attack force.

FUNCTION 1.13 - CRUISE-BACK

This mission phase encompasses the enroute cruise [rom the EW line to the

marshaling point. q

a, At a predetermined time, the S.0. establishes contact with the Combat !
Information Center (CIC), is interrogated and identified, and veccives

bearing, range and altitude information to the marshaling point. b
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b. After coast-out, the pilot establishes a specified altitude cruise con-

figuration to the marshaling point which is beyond the enemy EW line.

c. The system operator continues to monitor the RHAW and ASIR equipment

for possible enemy interception. At the option of the CIC, and depending
upon fuel state, traffic, and other variables, the CIC may clear the

aircraft for landing or have it hold at the marshaling point.

FUNCTION 1.14 - CARRIER RENDEZVOUS

This mission phase encompasses the arrival at the marshaling point, the
holding pattern or immediate letdown to landing pattern altitude, and initiation
of the Carrier Controlled Approach (CCA) system. Weather in the area is such

that an instrument approach and landing is required.

a. After coast-out, a c¢ruise configuration has been maintained. Communica-
tions contact with the CIC was made and the aircraft identified. At
the marshaling point, all returniug aircraft may be held in patterns at
specified altitudes until cleared for carrier landing. Upon reaching the
marshaling point, the CIC provides the pilot with the holding pattern,
airspeed and altitude information, or turns the pilot over to CCA for
approach. The pilot may verify position by reference to the FLR display
which has picked up the task force.

b. Upon being cleared by CCA for carrier approach, the pilot configures
the aircraft for landing. The S$.0. verifies the configuration is correct
for landing. The pilot establishes the spucificd penetration airspeed,
heading, and rate of descent, following the instructions of the CCA

controller.

FUNCTION 1.15 - RECOVER AIRCRAFT

The mission phase covers the CCA to carrier landing from departure point

of the marshaling area to taxl and system shutdown ounboard the carrier wider

instrument flight conditions.

a. After configuring the aircraft for landing and cstablishing the approach
alrspeed, heading, and rate of descent, the pilot and S.0. continue to
monitor the VDS and tec correct flight path deviations. The £.0.'s piimary

28
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responsibility during this phase is to assist the pilot by monitoring
the various aircraft subsystems and verifying that the airspeed, heading,

angle of attack, and rate of descent is in accordance with displayed

commands .

b. The pilot makes corrections to flight path as required, and continues
his approach until he receives a "wave-off" command or until his tail
hook engages the cable. After successful arrestment, he taxies to the
designated point on the deck for system shutdown immediately upon cable
release. The 5.0. shu’ down all unnecessary subsystems while the air-
craft is being taxied, and assists the pilot in securing the aircraft

after engines are shut down.

FINCTION 1.16 - POST FLIGHT

This function is not broken out at the second level, as there are no
additional information requirements generated by this function which would

be displayed on the VDS.
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1.5 MISSION NO. 2 - EXECUTION DESCRIPTION

Figure 3 depicts the second level functions, the mission profile and the
mission plan for the Standoff Weapon Attack/Interdiction Mission (first-level
function 1.20). The flight profile asscciated with each mission phase is

shown above :he applicable functions. The vertical phantom lines indicate the
scope of the individual first level mission phases as referenced along the bottom

of the drawing,

The format of Figure 3 1s slightly different from Figures 1 and 2 in
two aspects. First, a two element flight consisting of the attack aircraft
delivering a standoff weapon, and an ECM aircraft (ECM a/c) which provides
additional electronic countermeasure and defensive capsability, was postulated
to exercise stationkeeping requirements and formation flying interactions.
The ECM aircraft functions are shown as dotted blocks above the concurrent
time/sequence functions performed by the Standoff Weapon aircraft (SW a/c)
pilot. Secondly, reference functions were introduced into the pilot and
system operator flows to minimize repeating the mission functions which are
redundant Qith those depicted in the Second Level Functional Flow Diagrams
foz Mission No. 1 - (Bomb Attack). Examples of these referenced functions
are: 1.13 Cruise Back and 1.15 Recover Aircraft. Again, to avoid redundancy
it was assumed that the functions associated with Launch Aircraft, Climb/
Departure, Cruise Qut and Penetrate were identical to those developed for
Mission No. 1, with the exception that this mission ﬁtilizes a preprogrammed
flight plan with the Standoff Weapon aircraft flying lead and the ECM aircraft
as the wingman. The "join-up" and "stationkeeping" functions, which would
have occurred prior to the Penetration Phase are developed in the Post Attack

and Escape Phases, where these functions are repeated.

Section 1.5.1 contains a brief outline of the 1985 Standoff Weapon parameters.
This weapon is entirely hypothetical and includes several control options which
utilize the display capabiliiies at the System Operator's crew station. As the
control options for the Standoff Weapon were developed, the similarity of the
information and control/display requirements for this weapon system and a remotely
plloted aircraft (RPA) were noted. By substituting variable thrust for the
constant thrust postulated and coordinated turn (Roll) information in place of
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yaw information, the majority of the information requirements for a reconnaissance
RPA could be derived. This type RPA mission could be developed as an alternative
to the first level Reconnaissance Function 1.17 which may include an RPA (directed
by tke attack aircraft 5.0.) containing sensor equipment and

mission system. The attack aircraft would perform the launch and also provide the
relay aircraft" function

mission.

The Standoff Weapon Scenario contained in Section 1.6 includes several
"unplanned" events such as a surface-to-air attack, air-to-air refueling and
assignment to a holding pattern to allow for the recovery of damaged aircraft.
However, all aircraft systems are assumed to be in a '"go" condition from preflight
through recovery. All supporting shipboard and airborne systems, such as the
Auto Carrier Landing System and CIC are assumed fully operational and in a

1" "

go'" condition.

1.5.! Weapon Parameters

The Standoff Weapon conceptualized for this mission is based on the range,
speed and guidance parameters described in the November 1965 issue of SPACE/
AERONAUTICS magazine. The additional parameters are extrapolated from these
data. The weapon control options gselected for this mission include a zero-
zero launch, manual midcourse guidance using the TV sensor for area naviga-
tion, visual target acquisition and terminal guidance, in order that the
display parameters can be fully exercised. The Standoff Weapon parameters

utilized In Scenario No. 2 and depicted in Figure 3 are as follows:

Range: 50-70 nm
Thrust: Constant
Speed: Mach 1.5 to 2.5

Guidance: Hybrid (inertial or manual/TV) with auto-inertial updating
by navigational satellite

Control Options:
a) Launch: Visual/manual or blind/auto
b) Midcourse: Visual/manual or visual/auto

¢) Terminal: Auto after target alming point designation, or
visual /manual tracking to impact

d) Terminal Autotrackers: Edge secker, spectral contrast sceker,
or E/O0 corvelation secker
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Variable

a)
b)

Display:

Contrcls:

TV Sensor Viewing Parameters:
30° wide-angle option with 45° lateral slew around centerline

and 12-1/2° (boresight) to 75° lookdown angle at operator's option.

5° to 10° long range acquisition with 45° lateral slew and 0°

(boresight) to 30° lookdown angle at operator's option.

Provides for either a blind launch and midcourse flight utilizing
inertial guidance, or a visual launch and midcourse flight using
either auto or manual control, or combinations thereof. The

VDS displays sensor image and flight status, while the HSD may

be slaved to the Standoff Weapon and indicate (weapon) present

position on moving map or radar ground mapping display.

Two hand controllers are provided for control by the S.0. when
in manual mode. The right hand controller provides for up/down
(pitch) and right/left (yaw) attitude changes similar to the
responses to an aircraft control stick., A pushbutton on the top
of this control enables manual control when depressed and target

designation and subsequent auto control when released. Inadvertent

Cor f

release of the designation pushbutton would not result in a dive ~
maneuver when the FOV lookdown angle is in excess of zero degrees
(boresight). The left hand controller provides sensor /boresight
alignment in the aft position and directs the sensor field of

view (FOV) down to a 75° maximum lookdown angle at the full
forward position. Twisting the control handle to the laft moves
the FOV to a maximum of 45° off-axis to the left and a twisting
motion to the right provides a corresponding off-axis to the rignt
view. A spring detent provides pressure to return the control teo
center and tactile feedback when the sensor optics are on missile
lateral centerlire. An alternate action thumbswitch provides for
changing from 30° (wide arple FOV) to a 5° to 10° (acquisition
FOV) angle. If electro/optical zoom is feasible, a thumbwheel in
place of the switch would be provided for continuous FOV control.
The maxinum position in one direction would provide maximum wide
angle FOV, while wovement to the other extrewme position would

provide a narrow/long range FOV.
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1.6 MISSION SCENARIO NO, 2

The Standoff Weapon Attack developed in this scenario is representative of
a type mission which might be planned and executed in support of Naval operations
in any theater. In this example, it is assumed that a carrier attack ferce is
comnitfed to support ar amphibious assault which has been scheduled to
commence within 24 hours of launch. Pre-assault interdiction and air superiority
strikes are carried out against the enemy's control centers, airbases,
defenses, wissile sites, logistics and tramsportation routes in the assault area
to isolate the beachhead. This mission is a daylight attack against a heavily
defended, high priority target at maximum a/c range. A realistic fuel safety
margin is provided. A Standoff Weapon attack is selected to provide the
greatest measure of aircrait survivability. The weather at sea during launch
and recovery is forecast te be 1G/10 obscured with a ceiling of 500 feet and
1 mile visibility. Weather eanrcute to the Initial Point and Launch Point is
forecast to be 3/10 obsecured with the tops of the clouds extending to 12,000
taet. The target area is forecast to be clear with visibility 10 to 15 miles.
The terrain hetween the coast and the target consists of level terrain, low

rolling foothills, and several small wmountains with elevations to 6,800 feet.

To take advantage 2f the element of surprise, a low altitude aircraft
approach to the weapon launch point has been chosen. The penetration route has
veen yelected s« that a lov altitude approach can be made vsing terrain following
and terrain avoidance modes te the Initial Peint. The target area is expectad
t2 be heavily defended by surface-to-air sissiles and antfaircraft artillery.

A low altitude launch of the weapon with a pop-up maneuver near the target has
also been planned to reduce the time the enemy has to acquire the weapen and
defend against its delivery. The preplanned weapon launch will be made outside
the wax sy range of the tavret arcea defensive wmissiles. Because of the vulerer-
ability of the Standoff Weapon aifverart {(SW a/c) during penctration, delivery,
ahd escape, an Blectronic Counter Measuves aiveraft (EQY #/c¢) accomparies the

S alc as a wingnan.

Just prior (o this mission, several defenge suppressior sorties were scheduled

Lo attack 5AM sites which are on the roule to and $rem the Standof{ Weapon launch

poini for the high priovity target., All of these soriies except one were eflnctive.
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One SAM site on the escape route of the SW a/c and EM a/c remains partially
effective and may be capable of a SAM launch. Recognizing the possibility
that one or more sorties may incur a distress situation, air-sea rescue and

tanker aircraft are standing by just off the coast.

For this mission, it is assumed that programmed automatic flight plan data,
profile data and weapon delivery information have been prepared and stored in
the airborne computer memory, and that appropriate wmission phases will be under

automatic control,

Escape from the target area is programmed for minimum altitude after the
SW a/c joins up with the ECQM a/c. Threat detection equipment is monitored

throughout the appropriate mission phases.
The operational sensors utilized during Mission No. 2 are:

a) Forward Tooking Radar

b) Forward Looking Infrared

¢) RHAW
d) ASIR .
e) IFF/SIF ;

£) High Resolution TV
g) Ground Mapping Radar

The operacional weapons that may be employed on Mission No. 2 ave:

SW afc: a) Standoff Weapon/Nuclear Warhead
(Hypothetical system operation describud in 1.5.1)

b) Guided Missiles - Air-to-Air (Target Seeking)
ECM afc: a) Guided Missiles - Anti-Missile Type
b) Guided Missiles - Afr-to-Air (Target Sueking)

The following paragraphs detail the crew tasks and operations relative to
the Standoff Weapon Mission. Tha "SW" suffix has been added to those functions
which are identical, or similar to, the same first level functions/miseion phases (

occurring in Mission No. 1 Scendario and associated Functicnal Flow Block Diagram.

Figure 3 presents che second-level tunctions and flow of the mission

operations described herein, .
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FUNCTION 1.1 SW - PREFLIGHT AIRCRAFT

This function is the same as Mission Scenario No. 1, Function 1,1, Preflight

Aircraft.

FUNCTION 1.2 SW - LAUNCH AIRCRAFT

This function is the same as Mission Scenario No. 1, Function 1.2 -« Function

1.2 - Launch Aircraft.

FUNCTION 1.3 SW - CLIMB/DEPARTURE

This function is the same as Mission Scerario No. 1, Function 1.3 - Climb/

Departure.

FUNCTION 1.4 SW - CRUISE-OUT

This function is the same as Mission Scenario No. 1, Fuuection 1.4 - Cruise-Out

with the following additions:

a) After verifying that the aircraft can perform its primary mission, the i
pilot verifies that the EQM a/c which is to occupy a wing position and
is launched subsequent to the SW a/c, has made contact and is closing . l

from the starbeard side.

. . . \
b) Rendezvous with the EQY a/c is accemplished without incidaent and beth
aircraft descend on instruments to the praplanned penetration altitude.
Note: Rendezvous procedures used during this pha:c are deseribed in 1

Function 1.9 $W - Esuvape.

EUNCTION 1.2  SW - PENETRATE

This function is the sume as Mission Scenavio No. |, Funiction 1.5 - Penetrate.

FUNCTION 1.6 SW - PRE-ATTACK (STARDOFF WEAPOX)

Note: Prior to starting Function 1.6, it is assumed thal the pepelration
altitude, airspeed and heading have been ostablished and that the
autematic flight program, the Flight Director System and the navi-
pation system are operating satisfactorily.

This mission phase ancowpasses the approach o the Initial Poing (IP), the acqui-
sition of the IP using the on-bostrd sensor displav(s), a chack on the Flight

Director System (FDS) per{ormance, prepatation {otr the attack phase, 3 hreak in
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stationkeeping by the ECM a/c (wingman), and a pop-up and heading adjustment
just prior to the weapon release point. A low level terrain following/terrain
.? avoidance approach to the weapon release point was planned, to minimize the
chance for acquisition by ground defensive Early Warning (EW) systems. The
pop-up 1s executed to provide clearance above highest terrain and to insure

o line-of-sight with the weapon after release. 1

a) On the approach to the IP, the pilot monitors the mission progress, monitor- ‘
ing the preplanned terrain clearance, heading and airspeed. The pilot

verifies that the EC§ afc is maintaining formationm.

b) The system operator monitors the mission progress. Based on the flight
plan estimated time of arrival (ETA) at the IP, he anticipates its
appearance and configures the FLR for acquiring the IP. Upen acquiring
the IP, the Uystem Operator (S0) refers to the flight plan coordinates

of the IP and compares his present position with the flight plan coordinates,

thereby verifying that the FDS is functioning according to plan. A Navi-
gation system update would be made at this time if grid coordinates of the
system and the IP did not agree. As the IP is made good on ETA, the SO
verifies the new prograwmed command heading required and the indicated pop-= “-

up time. The pilot monitors the FDS pre-launch heading change. The ECM

alc breeks stationkeeping and executes a climdb to the preplamned orbit \
altitude.

¢) Upon receiving the pop-up comnand the pilot manuvally executes the maneuver
to the pre-planned weapon release altitude. Upon reaching the pre-launch

attitude the aircraft is leveled-off and a new airspeed is established.

The FDS is re-engaged for sutomatic progravewd §light. During the pope-up
the SO configured the WD for the automatiz jaunch of ithe SW. After
configuring the WDS the SO verifies the weapon status and enables the

arming switch on the weapon control panel.

While the SW a/c wvas climbing and establishing the nev heading, the ECM a/c
climbed above the SW a/c and prepared to estadlish an orbit aud monitor enemy

electrenic activities for hostile intent or action.




FUNCTION 1.20 - STANDOFF WEAPON ATTACK

This mission phase encompasses the run to the Launch Point, the automatic
release of the weapon, the midcourse guidance monitoring of the weapon, a
weapon pop-up to provide target acquisition visibility, and terminal tracking
or homing of the missile on target. By employing a low level attack with a
pep-up maneuver cxecuted approximately 45 seconds prior to weapon arrival on
target, hostile reaction time is minimized. The veather in the target area
is forecast to be clear, however, on the approach to the target, low broken

clouds hanging over the hills will necessitate a '"blind" weapon launch.

a) After the pre-launch attitude, heading and airspeed were established,
the pilot confirms the WDS selections made by the SO as conforming
to the pre-planned attack data. After the confirmation, the pilot
enables his weapon arming switch in order to affect release of the
weapon. (1wo grming '"votes' must be set-in for release and weapon
detonation). As the run to the Launch Point progresses, the pilot
rnionitors the pre-planned launch heading, altitude, airspeed, and
monitors the ASIR and RHAW systems for indication of enemy threat
activity.

b) After verifying weapon readiness, the $0 verifies that the SW a/e
launch-envelope parameters ave satisfuctory for a successful launch,

Since the weapon will be aucomatically released at a pre-programmed

point, the SO wmonitors the Time-To-Release countdown. The S0 also

sets the video vieving angle (field of view) on the weapon to a wide
angle setting so as to insure that the sensor will be able to pick
up the first navigational checkpoint when the weapon breaks inte
clear air entoute to the targat.

c) At the pre-programued time and positioh the weapon is automatically
released in an auto/inertial mode. Both the pilot and SO verify the
veapon release and confirm that a command link to the weapon has heen
established. Since the weapon vas released blind, the S0 comands
the weapon to transmit a short video test signal to confirm that the
video link is also establiched.

d)  After verifying that both the command link and video link are operating
satisfactorily, the pilot performs the pre-planned post launch maneuver,
climbing slowly to msinzain line of sight with the weapon. The SO

monitors the video display for indication that the weapon has broken
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e)

£)

8)

out into the clear. In anticipation that a course correction may be
necessary, the SO configures for manual control. As forecast, the
weapon breaks out of the clouds in time to pick up an image of the
navigation checkpoint. The SO iduntifies the checkpoint, verifies

that it is the correct pcint, and prepares to make a course correction
if indicated.

While the pilot is wmaintaining a watch for enemy electronic activity
and maintaining data link lire of sight with the weapon, the SO pre-
pares to command the weapon to execute a pop-up maneuver. The weapon
program provides countdown data for this maneuver. When the §O
receives the pop-up command, he controls the weapon for execution of
the required maneuver. While in the climd, the SO resets the video
field of view depression angle 80 as to maintain an gppropriate horizom
reference by adjusting the "look-dowm™ angle as the climb/descent angle
is changed. While maintaining the optimum (wide angle) field of view,
the SO searches for the farget area and target.

As expected, the SO locates the target area and gross tracking correc-
tions are made, as necessary. A svitch to a narrow field of view

(FOV) is made to enable detailed evaluation of the target ares and
acquire the specific aiming point. In the narrow FOV wode, the target
and ainming point are positively {dentified and fine asteering corrections
are made as necessary to align the wedpon on a proper trajectory.

At this point, with the veapon properly aimed st the terget, the SO
has two optione. The first option is to continue tracking the siming
point and maunually guiding the wespon to ilmpact (detonation). The
second option {s to select the howing wmode, where the target and siming
point is desigrnated for the wespon with the SO monitoring the wespon
flight ro impact. Ian this case, it is assumed that the SU selected

the wanual terminal guidance option, and continses to guide che

veapon toward the target. lowever, with spproximately 15 seconds to
go. the SO receives a varning that the command and video link signal
strengths are deteriorating (due to line-of-sight interference) so he
elects to switch to the homing wode for the fins! terminal guidence

and initiates the auto track/seeker mode. Weapon detonation on target
vas determined.
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FUNCTION 1.8 ©SW - POST ATTACK

This missin phase encompasses a breakaway mancuver after verification of

weapon de:onation, securing of the WDS, and transmission of the strike

g ¢

s 4 report.

a) When the weapon detonated, all signals from the weapon terminated.

,ﬁ« In the final phase of the terminal guidance the SO was able to moni-
' tor the trajectory into the target and verify it was on the aiming
point. When transmission terminated the SO configured the WDS safe,
and the pilot verified the condition,
! b) At this t{me a breakaway maneuver was executed in the direction of
the rendezvous point where the SW a/c will pick up the ECM a/c for
a return to the carrier. As the pilet rolls out im the appropriate
’ﬂ direction, the SO transmits the strike repore to an airborne CIC. |
4
EUNCTION 1.9 SW - ESCapy
This mission phase encospasses the eycape from the target avea, rendezvous
_ ! %: with the BM a/c, engagement by an enemy surface to air missile, escape
& \ maneuvers, and low gliftude flight to rhe ceastwt point. Hunltoring of
' the RHAW/ARIR equipment for detection nf anasy countaraction i essentisl
- during this phase.

a) After oxecuting the breakavay waneuver the FDS provides the pilet
with navigation inioveation for rendezvous with the BOM afc.  The
ECN ale, wmitaring the steike frequency, netes when the W a/e has
completed the attack. At this time the ECM a/c breaks orhit on the
preslanned vendegwous heading. The W afc pilot comfigires sonsors
and display for station keeping mode and establishes contact with the
BN ale.

b) Hendeavous is made an' the $3 a/C slides in on the BN « 4c's wing atd
waintaing this position. This flight element configuration was pre-
planned since enemy aircraft activity can he ezpeciad o the escape
touvle and the B4M afc s configured with ait-to-air missiles and anti-

misssle-mig.ile {A008).




c) A descent for a low altitude terrain following mareuver is started.
During the descent, enemy SAM activity is detected. While the enemy
SAM was searching, no action by either aircraf. was initiated but when
lock=on/tracking mode signals were ! :tected, the ECM a/c initiated
countermeasure activity to break lock and the SW a/c maneuvered to

take up a defensive station position and activated onboard ECM equipment,

d) It is assumed that the aircraft were unable to break the SAM trachk lock
and two enemy missiles are launched. The SW a/c monitoring the threat
immed iately initiates evasive maneuvers while the ECM a/c prepares for
and executes an anti-missile actack. After launch of the AAM's against
the SAM's, the ECM a/c also tries to evade the missiles by maximum G
load maneuvers. The AAM attack on one SAM missile is successful, while
the other missile causes moderate damage to the ECM a/c. The 3W a/c
is not damaged. After assessing the damage it is decided that the
SW afc will assume the lead and the ECM a/c fly on the wing. Sensors
and displays on the ECM s/c are configured for stationkeeping and the SW
a/c pilot configures for low level flight conditiona with reduced airspeed.
The SO transmits a bhattle damage message to the CIC. As the flight is now
encountering weather, the SW a/c¢ configures the wultimode radar and cockpit
display for terrain avoidance mode with the SW s/c in lead and the ECX a/c
station keeping on the wing.

e) After the SW a/c assumes lead the activities performed are the same as functions
1.9.3 through 1.9.5 and 1.9.9 through 1.9.13 shown sud described in
Mission 1 Scenario.

FURCTION 1.13 SW - CRUISE BACK

This niesion phese is the sawme as Mission Scenaric #1, Functioa 1.1), with the

following exceptions:

a) The FDS is maintained in the automatic mode (preprogrammed £light) as the
Control Point is reached . At this time the A/C performs the preprogremmed
climd menewvar, clisdbs 2 (%o nev altitude and establishes heading for
the Marshaling Comtro} Tiiat.
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b) The ECM a/c breaks stationkeeping upon receipt of clearance for
ping up

rendezvous and immediate recovery on the cavrier due to battle damage.

c¢) The SW a/c pilot is notified by CIC that a delay in recovery will

necessitate air refueling, prior to proceecing to the marshaiing control
point. After the ECM a/c breaks formation, the SO receives a clearance
for change in flight plan aud is directed to proceed to the air refueling

drec.

.FUNCTION 1.14 SW - CARRIER RENDEZVOUS

i This mission phase encompasses a change in the flight plan, rendezvous with
the tanker, air refueling operations, and establishment of a holding pattern

at the marshaling control point until cleared to land.

a) After receiving a clearance to procecd to the air refueling area, the
SW a/c pilot reeror.igures for manual control and starts a climb to a
new altitude in | .pacation for the rendezvous with the tanker aircraft.
" = new heading and ETA at the refueling area is provided by the FDS
by selecting "Refueling Area' as a new flight plan objective. With this
; a data, the pilot establishes the commanded altitude and airspeed (power

i setting) for tanker rendezvous,

b) While on course for the refueling area, the pilot configures the aircraft
sensors and display for acquiring the tanker in preparation for refuéling.
The S0 verifies the ETA at the refueling area wheve hook-up with the
tanker will be made. As the SW a/c approaches the refueling area, the
pilot searches for the tanker and verifies that the tanker beacon has
been acquired. As the pilot maneuvers the aircraft into refueling
position, the SO monitors the communication channel with the tanker and
CIC.

¢) Upon hook~up with the tanker, the pilot maintains the proper position
until refueling is complete, then breaks contact and heads for the
marshaling point. While refueling operations are in progress, the SO
performs fuel management operations until the required amount of fuel

has been transferred.
i
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d) Enroute to the marshaling point, the CIC advises the SW a/c crew that
the aircraft is to establish a holding pattern at a pre-determined point
referenced to the marshaling control point. The SO acknowledges the
message and the pilot establishes a new heading, altitude and airspeed

in preparation for ertering the assigned holding pattern.

e) At the designated orbit point, verified by the SO, the pilot flys the
assigned holding pattern until advised by the CCA to break and descend
for recovery and landing, The SO monitors the RHAW/ASIR for threat
detection during the time the a/c is in the holding pattern. At this
time, the pilot configures the aircraft for recovery. The SO verifies
the configuration and acknowledges the CCA message, confirming the crew's
understanding of iastructions., The aircraft then proceeds to the carrier

and enters the landing pattern.

FUNCTION 1.15 SW - RECOVER AIRCRAFT

This mission phase covers the carrier~controlled approach and landing maneuvers
from the departure point of the holding pattern to taxi and system shutdown
onboard the carrier under instrument flight conditions. The crew functions

performed are the same as Function 1.15 - Mission Scenario #l.

FUNCTION 1.16 SW - POST FLIGHT

This function is not developed at the second level, as there are no additiomnal
information requiremencs generated by this function which would be displayed
on the VDS.

43

L

.



1.7 INFORMATION REQUIREMENTS ANALYSIS

Following the identification of the second level functions and the allo-
cation of these functions to the pilot and/or Systems Operator for Missions 1
and 2, the Information kequirements (IR) Analysis was initiated. This analysis

consisted of the following tasks:

a. TIdentify specific information required by the pilot and/or the §.0.
to accomplish each second-level function identified in Functional
Flow Figures 2 and 3.

b. Validate the identified study IR's against similar analyses.

A list of potential information requirements was developed specifically
for the VDS study. Other pilot information requirements studies, such as the

Northrop P530 study, were reviewed to assure that the preliminary IR list was

sufficiently comprehensive. The major categories (flight, navigation, propul-
sion and configuration) used in JANAIR Report No. 680505(1) were retained to
facilitate the subsequent validation task.

Information Requirement Worksheets were prepared for each first-level
function (Mission phase). Figure 4 shows an example of a completed worksheet
for Function 1.9 ~ Escape, Each worksheet contained identical listing of
candide:s items by categzory. Items preceded by an asterisk were not found

in the published IR studies reviewed and may be considered as new items. Each

colum heading identifies the third digit of the function analyzed and the allo-
cation to the responsible crew member. Fifteen first-level functions were
analyzed for Mission No. 1 and 5 first-level functions were analyzed for Mission

No., 2. The remaining 10 functions of Mission No, 2 were common to both missions.

Three functiong, Takeoff, Cruise and Landing, were used for the preliminary
analysis., The pilot IR's were identified by an experienced Human Factors
analyst who is a rated jet aircraft pilot with 1,200 flight hours., The System
Operator functions were analyzed by a rated bombardier/navigator with over 3000
flight hours and with subsequent experience in Human Factors functions and
workload analyses of S.0., crew station duties. The three independently com-
pieted worksheets were submitted to another rated System Operator and a second
pilot for review., Their reviews identificd certain differences in IR identifi-

cation which necessitated discussion and reconciliation.
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The differences in IR item identification were found to be primarily due
to semantic difficulties in two areas. First, opinions differed as to
the pilot's requirements for error vs command, or actual (status) information.
It was determined that the terms: actual, command and error reflect display/
control terminology and either have not been defined in terms of informution
requirements, or consistently applied, in some previous studies. The following

definitions were used in this study to alleviate this problem:

1. Command Information: That data which is an index of desired per-
formance of a system or subsystem, the parameters of which are
derived from the systems mission requirements.

2. Actual Information: That data which is an index of the current
status of the system or subsystem, and is independent of command
information.

3.  Error Information: That data which is an index of the discrepancies
or difference between command information indices and actual

information indices.

The second area of concern was the concept of necessary and sufficient
information. The differences identified were primarily in the "sufficient"
category (rather than necessary) and pertained to backup information which
would aid in the decision making process, or add confidence to that decision.
When the minor semantic differences were resolved, the data reflected signif-

jcantly increased inter-rater consensus.

An iteration was then conducted where the information requirements were
coded Primary (P) and Secondary (S8). It was found that in the three functions
analyzed, there were no areas of disagreement between analyst's ratings for
those items identified as "primary" information requirements. The remaining
17 functions were then analyzed using Primary and Secondary coding.

All of the worksheets for Mission 1 and 2 functions were completed by the
Human Factors analysts and then reviewed by another pilot and Bowb/Nav System

operator. Minor digcrepancies between the ratings were then resnlved.

The Information Requirements Summary for Mission Ne. 1 is shown in Table l,
sheets 1, 2 and 3. Tablc 2 contains the summary of the information require-

ments identified for Mission No. 2, Standoff Weapon Attack.
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The last two columns in each table summarize the information required
by the Pilot and the S.0. for each mission. Only the highest (primary) rat-
ings are shown in the summary columns for information items identified as
both P and S within a mission phase.

No significant differences were found between the primary information
requirements for the semiautomatic man/machine system mode of operation
used in Mission No. 1, or in the automatic system mode postulated for
Mission No. 2 where the operators performed monitoring/system manager func-
tions, This can be understood when one considers the roles that the human
operator plays in the manual and automatic modes. In both instances he
must be constantly aware of the effectiveness of the vehicle control commands.
The pilot needs to be aware of the status and trends of the system on a relatively
continuous basis. The information he requires is the s.me whether he is in the
loop as a controller, or whether he serves only as o monitor of system functions

being controlled by a servomechanism.
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1.7.1 Information Requirements Validation ii

As noted in section 1.7, the concluding task of this study phase is the

comparison of the Information Requirements identified for the 1985 attack
aircraft with those IR's identified in previous studies.

that:

tion

In the JANAIR Report cited previously (ref. 2, page 27) the authors state

"It is necessary to point out the dissimilarities among the studies
cited from which we have made a generalization. That is, we are
guilty to some extent of comparing appies and oranges in that not
all the IR studies are alike in their method and their purpose.
Some apply to a certain class of aircraft, some apply to just onme
aircraft, and some apply to a particular display concept which may

be used in more than orne aircraft."

To guard against this problem to the maximum extent possible, the informa-
requirements studies selected for comparison with the results of the VDS

study IR's met one or mrra of the following constraints: -

a.
b,

C.

were

1.

" g

an attack aircrafi is postulated for the mission,

an interdiccion (air-to-ground attack) misaion was flown, and
the f{nformation requirements were identified preceding display
design.

Within the time constraints icposed on this study, only five IR analyses
available which met the gelection criteria. These were:

The DAC/ANI? study conducted by Duniap and Associates which met
criteria c.(J)

The Grumman Alrcraft study on Recommended Pilot Uisplays which

met criterie a and partially,b.(&)

The Hughes Alrcraft studies of tactical aircraft displnys.(s)

One of these studies (TAC #15) met all sclection criteria.

The other study (TAC #14) wet a and c. (Personal communication

vith the author.)

The unpudblished Northrop/Aircraft Division P530 Inforwmation

Requirements Study which met b and c criteria. ~
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In addition to the data from these studies, the JANAIR Report informa-
tion requirements summary data are included for comparison. Although the
authors saw fit to drop the distinction between command, status and error
information they pointed out that: "It seems sufficient to indicate what
information is required without becoming embroiled in the question of what
form in which it is to be presented" (ref. 2, page 33). In regard to the data
obtained in the VDS IR study phase and also shown in the referenced studies, it
is difficult to accept their rationalization for deleting the form (or manner
of presentation) while retaining only the content. However, for comparative
purposes, the JANAIR IR summary data have been extracted from Table 14, VDS
Information Requirements and Table 15, HSD Information Requirements using M,

D and 0 coding for their Mandatory, Desirable and Optional classifications.
These data are included in the matrix as their composite list recommendations
are based on 6 studies for the Takeoff and Enroute phases, and 16 studies for
the Landing phase,

Tables 3, 4 and 5, following, present the IR data from the referenced
studies, the VDS study, and indicate the agreement QJ) between a VDS informa-
tion item and an item as identified in cne or more of the referenced studies.
Information items with asterisks are additional items to those identified in
the JANAIR report; therefore no comparison could be made between the VDS study
data and the JANATR referenced studies,

Table 3 presents the information items identified for the Takeoff phase.
Thirty-three VDS items agree with one or more previously identified items,
while there was disagreement on 11 items. The items on which there was dis-
agreement include the flight control parameters of yaw and velocity vector.
Also, there were three instances of differences between "command" or "actual
information to be provided for Flight Information. The remaining differences
are in the Navigation and Configuration Status categories. The latter differences
probably reflect the VDS study emphasis on overall information required vs
emphasis on Flight Information which appears to prevail in the referenced studies.

Table 4, Enroute Phase, shows a higher level of inter-item agreement
between all of the studies than was the case for the Takeoff phase. Thirty-
three items identified in the VDS study were in agreement with the referenced
studies, while only 7 {tems were in disagreement. These include 6 Flight Informa-
tion {tems: yaw, bank, rate of turn, sideslip and velocity vector and again,
] difference between "Command" appeared.
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TABLE 3 TAKEOFF PHASE - INFORMATION REQUIREMENTS COMPARISON MATRIX
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TABLE 4 ENROUTE PHASE - INFORMATION REQUIREMENTS COMPARISON MATRIX
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TABLE 5 LANDING PHASE - INFORMATION REQUIREMENTS COMPARISON MATRIX
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Table 5 presencs the information items identifiec¢ for the Landing Phase.
Yhe items identified in the VUS study colummn included all of the second level
functions of the Recovery Phase (function 1.15) and second level functions
1,14£.2, 1.14 .5 and 1.14.6 of the Carrier Rendezvous phase. This arbitrary com-
binction of mission phases was necessary for the comparison to several previous
studies which inciuded let-down, approach, ani landing in the Landing Phase,
Qut of a total of 56 identified items, 38 of the VDS study items agreed with
one or more of the referenced study items. There was disagreement in 18 items.
Again, differences between the requirement for command vs actual information ..re
evident. Five "difference’ items pertained to navigation infermation and i(aree
to new items in the Configuraeion or Propulsion categories. Seven itewms 1a the
Flight Information category were in disagrecment. These were: yaw, Mach number,

bank, sideslip, time, and two command items noted previously.

The authors of the JANAIR Report (ref. 1, page 32) noted that: "....
with few excentions, there is little agreement about the ijcems e¢f {nformation ra-
quired for {light and navigation. All {their reoference) studies agreed that
attitude information (piich and roll) is nauded, but chercafter dissgreements
begin to emexge." I appears that the VDS atudy Intormation Requirements analysis
does little to contradict their statement. However, as they point out, pervsal
of the i{ndividual VDS IR flight items (and combination of items) reveals wmost
of "these disagreements are more apparvent than real." Additionally, many of
the differences fourd between "getual vs "cosmand" flight information and
scveral of the navigation requivements can be atuvibuted to some extent to the
type of mission flown, the specifics created by the mission requirements, the
mission ¢cenario, plan, flight profile, ete. Another factor which probably will
not be rosolved i{n the weat future is that apparently pilots either: “fly" a
mission phase differently, or use differsnt in{orwation te accomplish the sawe
operation, or at lsast geport it different information is required to accom-
plish the phast being considered. UTo some extent this apparent difference of
opinion belween what information is necessary and sufficlent is also apriicable

to system operators iun accamplishing navigation tasks.

In summary, there are identifiable differences in information requirements
for the specific mission phases analyzed here. It is very probable that the
majority of these ¢ifferences ate more apparent than real in the practical VDS
control/display context. All identified differences appear to be resolvadble
vithin the context of the VDS desipgn gnmals.
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1.8 VSD INFORMATION CONTENT ANALYSIS

This section is a review of the information content of vertical situation
displays in current operational aircraft. The aircraft reviewed included the
A-6A, A-7D and the F-111A., These aircraft were selected because they currently
fly missions and deliver weapons similar to those missions and weapons descriked
in this study. The A-5 and A-7 are subsonic, but the actual velocity of the air-

craft is not critical for determining the VDS content.

All of the displays orf the identified aircraft which contain vertical
situation information have been analyzed for conteni in this section. These
include the Vertical Display Indicator (VDI) of the A-6, the Attitude Director
Indicators (ADI) of the F-111A and the A-7, the Head up Display of the A-7, and
the Lead Computing Optica! Sight (LCOS) of the F-111. The rationale for com-
bining the contents from these somewhat disparate displays in this analysis is
simplv stated: All content which {s pertinent to aircraft control in the vertical
plane must be consideved for inclusion in the vertical displays of future air-
craft. Thus, by cousidering all of th» content that {s now displayed, the resulting
watrix of display coatent is comorehensive for current cperational requirements.
Future operational requirements, based on the projected misgions, have been

idenzified in Sectien 1.7, and will not be repeated in this section.

In reviewing the various pilet flight manuvals (6,7,8) for display centent, it is
obvious that standardization of eloctronic displays symbology and nomenclature
has not deen accomplished. That this {s 3 matter for concern is shown by the
efforts of the Afrcrew Station Standardfzation Panel to achieve consensus among
the Services as to symbology and nomenclature for electvonic and optically
gonerated displays. This consensus, when achieved. will be rveflected in
revisions (o MIL-D-8164. Until standardfzation has been accomplished, it may
be anzicipated that the symbols and their names used on 2lectronically and
optically gererated Jigpiays will vemain controversial and, indeed, may remain
co even afte.ward. Fatlure to achicve standatdization hag proved costly in the
past, and iL is tegrettable that fts urdesirable effects are now veappearing in

the develonment of the present generation displays.

The consequences of failute te siandardize are legion, but two in partic-
ular deserve mention., First, training men to recognize and effectively uss

new symbols and nomenclature for {nformation content which already has
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established referents in their minds is wasteful and inefficient, Secondly,
and related to the first, is the real danger of negative transfer, which

may lead to the use of a previously established vesponse pattern which is
inappropriate for the rew situation, often with disastrous results, Northrop
personnel working on this study are cognizant of these pitfalls in display
design and have bent every effort to jidentlify the most common symbology and

nomenclature as ¢ basis for development of the VDS display content.

Another problem, previously identified by the authors of the JANAIR
study formerly cited (ref.2) and confirmed here, is the dearth of usable
information for this analiysis in several of the flight manuals. This deficiency
is in the display content specific to the individual flight modes., The F-111A
manual is particularly limited in inform:tion on the content of the LCOS display
in the various attack modes. The A-7 manual, by comparison, offers an abun-
dance of *afermation on the svwbology used on the HUD in various flight modes.
The A-6 - *pue:, while more informative than the F-111 manual, still leaves
much to be desired, especially in the display content for the attack modes.
Again, the analysis presented here is as complete and accurate as the original

source material permits.

Te facilitate the cross check of findings of the VDS content analysis
vwith the results of earlier studies, the structure of the information content
provided in the JANAIR study (ref. 2) has been utilized hare. To this basic
list was appended those additional information items which have been identified
as present in one or more of the display modes of the representative aircraft,
The F-14 afvcraft is also included in the matrix. However, the information
available on the F-14 displays was limited to the Design Control Specification
for the Vertical Display Indicator Group (VDIG)(g). This specification does
not desctibe the various £light modes {n which the individual information items
are uged. Nor cdoeg the specification identify that display symbology which is
uvtiique to the Phoenix weapon. Consequently, the F-l14 information content is
used here as confirmatory data, That is, {f tha F-14 displays appear to present
information which hos also been identified tentatively as necessary in the
informetion requirements analysis, this tends to confirm its importance for
future display applications. Other than this confirmatory role, the amount
of {nformation available on the F-14 VDIG has not been sufficient in and of
iteelf to warrant using the FP-14 {nformation content as a basis for future

display content recommendations,
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Concerning the results of the analysis of current display content, the
following should be noted. The pitch trim indicators, identified as preseat
on the A-6A VDI for takeoff, enroute, and landing, have not been included
as recommended display content for the future., The basis for this deletion
was information received from an authoritative SOurce(;O> which indicates that

pitch trim is no longer considered necessary by operational pilots.

For the Takeoff Phase (Table 6) 10 items of information have been identi-
fied as necessary in the original analyses‘of information requirements. The
last column of Table 6 and the last column in the subsequent four tables re-
flect these information requirements analysis findings. Thus it is possible
to compare what was found to be desirable information content through the
mission and function analysis with what is currently displayed in operational
systems. In the case of takeoff, it can ko seen that the extent of agreement
is substantial. Only one IR, velocity vector, which is pr:;ent 1 hoth the
A-6 VDI and the A-7 HUD, is not identified as necessary for takeéff onr- future
vertical displays. For effective pitch control, which is critical for takeofr
and especially carrier launch, it appears much more important to provide an’
accurate pitch attitude referent rather than velocity vector information. It
has been learned that steps are being taken to add a pitch attitude referent
to the A-7 HUD, probably in recognition of the limiféd value cf the velocity

vector for takeoff.

In the Enroute Phase (Tabl: 7 ), five major items of flight information
present on eilther the A-6 or A-7 displays have not been identified in the VDS
IR analyses as necegsary for future displays in this mode., These are angle of
attack, turn rate, vertical velocity, velocity vector, and pull-up, The reader
should reflect that for the purposes of this analysis Furoute is used to describe
the (relatively) high altitude flight phase of tu miséions described here.
These information items are not considered necessary for what is essentially

straight and level cruise.

The Landing Phase (Table 8 ) shows essential agreement between the VDS
IR analysis determined items and those found on one or more operaticnal dis-
plays for this moe. The four exceptions are pull-up, range to go, flight path
angle, and the landing director symbol. The pull-up signal is available on
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TABLE ¢  VERTICAL SITUATION DISPLAY INFORMATION CONTENT SUMMARY
TAKEOFF PHASE

AIRCRAFT /&
YWANYLS < 5
NYAYAYA (S
F LA NSNS N SN SN0y
s I'd rd Q’ ’ rd , &'§
INFORMATTON DI1oPLAYED Y/ /v RS S
L

PITCL ANGLE X x| x X1 x}|v
PITCH TRIM _ X v
ANG™ E Or ATTACK % x | x v

g ROLL ANGLE " x| x| x x| x|VY
HEADING X x| x| x <
STEERING X X v
VERTICAL ORTENTATION® 2 | x vl x|V
ALTTTUDE X x| x|V
VERTICAL VELOCITY X X v
AIRSPEED X x| x{v
VELOCITY VECTOR x| x
FLIGHT PATH ANGLE | x

(Pitch minus AOA) 1
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TABLE 7  VERTICAL SITUATION DISPLAY INFORMATION CONTENT SUMMARY
ENROUTE PHASE

ATRCRAFT S « Ji$ £
L4 Y?\» /S @“@ﬁ /
o NSRS AN NN Y,
INFORMATION DISPLAYED " VAYAYVAVAYVAVE '§§

PITCH ANGLE X x| x x| x|V
PITCH TRIM X v
ANGLE OF ATTACK X | x

ROLL ANGLE x| x| x}] x x| x1V
HEADING x| x x] x|V
STEERING x| x x| xl x| x|V
VERTICAL ORIENTATION* x| x x| x|V
ALTITUDE x| x x| x|V
VERTICAL VELOCITY X

ATRSPEED X x| x|V
VELOCITY VECTOR x| x

PULL-UP x |
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VERTICAL SITUATION DISPLAY INFORMATION CONTENT SUMMARY
LANDING PHASE

' TABLE 8

INFORMATION DISPLAYED
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the A-6 VDI, but it has not been identified as necessary for future displays.
The waveoff command appears to serve the game purpose as the pull-up command
on landing, and duplication of commands is unnecessary for this mode. Range
to go (to touchdown point) while not currently displayed, appears to be very
desirable for the landing mode, especially where the pilot must execute a
flare maneuver prior to touchdown. Under conditions of severely restricted
forward visibility, the timely execution of the flare maneuver can be crucigl
for proper landing. The flight path angle and landing director content items
found in current displays have not been identified as needed in the future VDS
content, These items are derivatives of data which exist in other forms.
Flight path angle is the derivative of pitch angle minus angle of attack. The
landing director symbol gives pitch and roll steering commands, which are also
presented on the wore conventional glideslope and glidepath steering bars on
other displays. It is felt that the more conventional method of presentation

is justified for future applications.

Terrain Following (Table 9) appears to be the ﬁost controversial of the
mission phases in terms of what is currently presented on displays vs what has ;
been identified as needed for future displays. However, the data needed to
complete this table are limited by the lack of information in flight handbooks
concerning the information actually displayed in the various flight modes.

It is entirely possible that many items of information identified as desirable
in the JANAIR study actually do appear in the Terrain Following mode on certain
of these displays. However, the limitations of the source material preclude
absoluée identificatign of such content. The IR analysis of future require-
ments only identified a limited number of items of information which appear

to be necessary and sufficient to perform Terrain Foliowing. It may be antic-
ipated that as the quality of low-altitude sensors inproves, the complexity

of the Terrain Following display modes will increase, giving the pilot more
options In selecting his flight path. The result will be more information on
the display. But what cannot be established with certainty at this time is
precigely what this added information will involve,

Weapon Delivery (Table 10) shows reasonable agreement between current dig-
play content and the VDS information requirements. The velocity vector appears
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3 TABLE 9  VERTICAL SITUATION DISPLAY INFORMATION CONTENT SUMMARY
TERRAIN FOLLOWING MODE

ATRCRAFT i~

v
) ; h NP ST AN
: INFORMATION DISPLAYED \"VAVAYVEVAYVEAYVE D

PITCH ANGLE X x| x N4
PITCH TRIM

ANGLE OF ATTACK
ROLL ANGLE X
HEADING X
STEERING ' X |X
VERTICAL ORIENTATION# X
ALTITUDE X
VERTICAL VELOCITY

AIRSPEED

‘ VELOCITY VECTOR X
PULL-UP X X 1 X

GLIDESLOPE OR PITCH STEERING
BAR X X X . X X

GLIDEPATH OR BANK STEERING
BAR X X X X X

FLIGHT DIRECTOR SYMBOL X X X

FLIGHT PATH ANGLE
(Pitch minus AQA)

TERRAIN CLEARANCE ANGLE X
TERRAIN RANGES
AZTMUTH DISPLACEMENT (TURN) X

FLIGHT PATH
(Heading & Elevation)

THROTTLE COMMAND
CLIMB (PITCH) COMMAND X X X
RADAR ALTITUDE CURTAIN X
OFFSET IMPACT BAR X

B b b p e
L RN L -

KOS e KON ok XK KX

) o> m= 2%

-

*JANAIR Report No, 680505
**Ref Table 1
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TABLE 10 VERTICAL SITUATION DISPLAY INFORMATION CONTENT SUMMARY
WEAPON DELIVERY (AIR-TO-GROUND)

S % / 2
‘\' QO S
$
ATRCRAFT /g~ S &y \9 S /A

A QY
S/ S &y «9‘“%@
INFORMATION DISPLAYED WA YAy A YEY ’ ’ &
PITCH ANGLE X x | x|V
ROLL ANGLE X x |V
HEADING v
STEERING x | x x | x |V
VERTICAL ORIENTATIONE X x | x|V
ALTITUDE x | x 1/
AIRSPEED X X \/
VELOCITY VECTOR X [ x X
PULL-UP X | x X v
GLIDESLOPE OR PITCH STRERING .
BAR X | X A
|GLIDESLOPE OR BANK STEERING
BAR x| x
SIDESLIP (Barly model)® xe | X
RANGE TO GO X Xl x| x v
"GM ERROR X
ATMING SYMBOL (Aim Point) X v
BRMBFALL LINE X X
1 soLurion curs £ Ix X
PULL-UP ANTICIPATION CUE X X v
TARGET SYNBOL X X v
FLIGHT PATH ANGLE
(Pitch minus ACA) X
"G" LOAD v
P
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on current displays but is not seen as a firm requirement for air-to-ground
weapon delivery. Again, the IR's identified for the future attack aircraft
appear to represent the necessary sufficient minimum data required for head
down weapon delivery. And, just as in Terrain Following, it is reasonable

to expect that as the effectiveness of weapon delivery computations increases,
the complexity of the display will increase. Thus, a VDS which contains all
of the informaticm now planned for the F~14 VDIG may eventually be needed to
deliver all of the weapons, in all of the modes, available to a circa 1985

tactical attack aircraft.
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1.9 VDS ALLOCATION, CONTENT, AND FORMATING

This section contains the data derived from study tasks e, g, and h as
outlined in section 1,1 and completes the Requirements Analysis conducted by

Northrop Human Factors/System Analysis personnel,

The hypothetical panel layouts and the ground rules for allocation of the
pilot's and System Operator's information requirements to various functional
display areas are discussed in section 1.9.1, The VDS display contents for
each mission phase are tabulated with an accompanying discussion in the follow-
ing section. The final product of the Requirements Analysis, the VDS formats
for selected critical mission phases, arxe shown and described in section 1,9.3,
Although air-to-air weapon delivery 1s a critical wmode for the VDS, no format
his been designed for this mission phase, This was due to the unavailability
of "Weapons Peculiar" and '"Delivery Mode Parameter" information requirements,
due to security or other classification problems associated with the use of this

type data.

A preliminary design layout of a control panel for the integrated primary
cockpit display groups conceptualized in section 1,9.1 is beyond the scope of .
this study, However, the F-14 VDIG Display control panel concept provides an
excellent baseline for the design of the VDS control panel., As in the F-14 i
control panel, the pilot and S,0. must be able to select any of the primary
VDS navigation or attack mode formats, Within each mode the operator wust also
have the option of selecting submode routines which are associated with the
specific mode selectud., Additionally, a single sensor or combination of sen-
sors must be sclectable as inputs to either (or both) displays.

The option to '"declutter' the mode sclected, and/or to cxpand the IR,
radar, or TV sensor picture to the full 9.4-inch-square display arca must be
avallable to the pilot and system oporator. As in the noted afrcraft, a matxix

switch pattern layout is recommended for the future control panel,

1.9.1 Information Allocation

To determine the information content of the {ntegrated VDS, as specified
in sect{on 1,1(e), it was first necessary to allocate the total array of in-

formation items to various displays which will presumably be existent in

by
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cockpits of the future. In this effort it was assumed that a cockpit concept
similar to the Navy's Advanced Integrated Modular Instrumentation System
(AIMIS) has been successfully implemented for the 1985 attack aircraft postu-
1ated herein. As a reference document for conceptualizing this cockpit of the
future, the Boeing study(ll), Integrated Information Presentation and Control
Systems, wes utilized. Figure 5, below, presents a cockpit concept which in-
cludes the integrated VDS and other electronically generated displays for the
pilet. It is assumed that the comventioral flight instruments present ia the
cockpit will primarily provide a backup function for the electroanic displays.

HEAD UP DISPLAY

| MASTER | ENERGY
MONITOR INTEGRATED MANAGEMENT
DISPLAY VDS DISPLAY
HORIZONTAL
SITUATION
INDICATOR
(HS1)

FIGURE 5 PILOT'S INSTRUMENT PANEL

The current configuration of the F-14A front cockpit represents a sigaifi-

cent step tarard the vealization of this concept. The F-14 has a HUD, a
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vertical Situation Display (the VDI), and an HSI. Furthermore, the VDI is a
true multimode display, with the pilet being given the option of selecting any
type of sensor data available on the aircraft which is compatible with the
display. The HSI also provides the option of viewing the electronically gen-
erated symbology present on the System Operator's combat situation display,

alphanumeric inficrmation irom data link, or Radar Homing And Warning data.

For the purpuses of this analysis, only those items of required informa-
tion which can logically be presented on the VDS have been so allocated; that
is, primarily information which pertains to the aircraft flight path in the
vertical plane appears on the pilot's VDS. The information content which does
not applv to flight path comtrol in the vertical plane is assumed to be avail-
able to the pilot on the other displays as follows:

a. Al]l vehicle status, advisory, trend and caution information will
be presented on the Master Monitor display. Primary responsibilicy
for alerting the pilot and $.0. to warning and csution information
will be allocated to the Voice Warniug System (VU$).

b.  All propulsion system data, epergy wanagement parameters, and fuel
wansgewent information wiil be presented on the Energy Managerent
display.

-g.  All inforsation pertainivg to flight conttol in the horizental
plane (except alrspeed, which is presented on the VDS) will bde
ptesented ot the KSI. This will be primaxily unavigation infer-
wation; both ground wmapplug tadar and projected map displays are
available at the pilot': sptien. However, the center of the
display avea cay also be used for other purposes, incleding
sonitaring of the $.0.'s displays, threat information, ot data
livk commands, similar to the capability provided by the preseat
F-1& UST display.

d. The Head Up display will provide information on content couwpatable
to that presented on the VDS. For the purposes of this annlysis,
it is assumed that all inforowtion identified as necessary for
flight operations by veference to the VDS in the “head down" wode

¢
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" will also be selectively available to the pilot on his HUD waen
he is flying the aircraft "head up."

The System Operator's functional panel layout for the hypothesized attack

aircraft is shown in Figure 6 below.

MASTER INTEGRATED ENERGY
MONITOR VDS MANAG EMENT
"HORIZONTAL INTEGRATED
SITUATION THREAT
INDICATOR DISPLAY
(HSD (RHAW + 1R)
Q FIGURE 6 SYSTEM OPRERATOR'S INSTRUMENT PANEL

Again, the informativn content determined to be appropriate for the §.0.'s
VDS hes been so allocated, and the remainder of the information has been allo-
cated to the other displavs. The primary difference in the $.0.'s and pilct's
stations is the addition of a secparate threat display in the §.0.'s panel and
the delation of the WUD, which is incorporated in the pilot's panel. WUD data
is, of course, not relevant to the rear seat occupant ia this tandeo aircraft
consept. The addition of a separate threat display on the 5.0.'s panel reflects
the {ncreasing iwportence and complexity of the threat eavironment, and the
allocation of threit counteraction as e pricary $.0. functioce in the oiasions
described heve. '

As in the case of the pilot's panel, the fnformation allocation to the
various Jisplays reilects the desirable goal of functional grouping to simpli-
fy the System Operator's pemeﬁtm! lowd.
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The informaticr requirements &' ocated to the §.0.'s VDS reflect the .
functions he will perform in the missions described here. It is logical to

assume that he will use his VDS to accomplish the major tasks of target detec-

tion, standoff mlssile control, and aircraft identification (IFF) utilizing

TISEO and other sensors. Hence the S.0. will be uaing his VDS more extensively

in the TV mode than will the pilot. However, it is assumed that the 5.0. will

also use FLR and FLIR sensors as the situation demands, by selection of the

appropriate mode for his own display. Thus he will be able to assist the pilot

in such critical mission pheses as air-to-air refueling, carrier approach and

Tecovery.

1.9.2 VS Content

A e —————————

Tables 11, 12, . .+ 13, following Section 1,9.2, shows the allocation of
information content to the pilot's and the system operator's VDS for both mis-
stons described .m Sections 1.4 and 1.6. Each table is a matrix in which the
columa headings are the phasea which appear in that parcicular mission, while

the rows of the matrix are the inforwmation items which have been identified for

.
S ?

inclusion in the V08, Whenever an X appears in an individual column, it
ladicates that a particulay item of information has been deemed necessary

for presentation on the VDS for that particular mission phase.

The informatiorn content of the pilot’'s VDS required for the seven wmission
phases contained in Mission No. 1 is shown in Table 11, By inspection, it can
ba seen that tha phases of Launch and Climbout and Enroute Cruise are virtually
identical, diffaering only {n the vequirement for a dangerous weather symbol on
the display in the enrvute mode. For purposes of efficiency, these two phases
have been combined in the description of the recocmended VDS format shown in
Scetion 1.9.3.

By inepection of thu vemaining phases of Mission No. 1, it can be seen
that there is a "core” »of information reyuirements which apply to all phases.
Thusa core veguirvements pertain to vehicle attitude, altitude, and velocity
control. Yo this core of flight control information requirnments is added
those {tews necessaty to perrorm the unique aspects of each mission phase. In
Recavafy and Landing, the ruyusarements for precision flight path conrrol with
reievence to a (relatively) fixed landiog point dictate the need for informstion

12
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on headiug and glideslope error and on the actual velocity vector of the aircraft,

and for "waveoff command" if required. Also, coumand angle of attack informa-

tion will assist the pilot in meking a precision approach to touchdown.

Terrain Following mode requires precision vertical flight path commancs
to enable the pilot to clear the terrain, in addition to the information re-
quired for attitude and velocity control. In Terrain Avoidance wmode, more
information is required cr the display to permit the pilot to choose his best

path around obstacles and dangerous weather.

In the attack mission phases, both air-to-ground and air-to-air, the
pilot needs additional information to locate and identify the target, and to
control his flight path and velocity precisely during the terminal guidance
phase of his weapon delivery run, without exceeding the "g" limits of his

aircraft,

Migaion No. 2 VDS information contents are summarized in Table 12, again
11lustrating the general requirements for attitude, altitude, and velociiy
control across all mission phases. Added to these generalized requirements
are such mission phase peculiar requirements as: stationkeeping during the
Crulse phases, air refueling in the Carrier Rendezvous phase, and the require-
ments peculiar to remote control of a standoff missile in the Standoff Weapon

Attack phase.

Teble 13 summarizes the VDS requirements for the System Operator's
station. In Mission No. 1, the S.0. needs information which will facilitate
taxget detection, identification, and designation. In Mission No. 2, the liat

of i{nforms.ion requirements for standoff weapoun contro: ‘s considerably ex-

panded, reflecting the severe demands of remote vehicle control, In the SAM Attack

pheee, there is reflected the need for specific threat detection information.
Iu all of the mission phases there are many S.0. information requirements that
are conventionally and appropriately assigned to the other specialized displays
available in his crew station. The conventional approach is continued in this
study.
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D 1.9.3 Y¥pS Formats
The formats for the recommended VDS display content for the mission

phases previously identified are presented in this section. These formats
represent a synthesis of the symbology and presentation techniques used in
existing VDS-type displays, with some unique approaches to the display of the
required information. In all instances, whether by selection of symbology or
in the format design, the goal has been to implement the most effective dis-
play in terms of maximum legibility and interpretability by the pilot or system

operator.

As has been previovusly noted, there is a woeful lack of standardization
of symbology for electronic and optically generated displays. This lack of
standardization of symbology dictated that Northrop choose the "best" symbols
that exist on displays today, including Head-Up displays, and further, to im-
provise where necessary to meet future requirements. Assuming the tri-service
standard for HUD sywbology is coordinated and released in the near future,
there will exist a uniform array of symbols which may also be used for VDS

displays.

The size of the proposed VDS is 9.4 x 9.4 inches square. The approximate
arca of 8] square inches is actually more space than is necessary to display
the required data for sowe of the mission phases. Therefore it is possible
to use the edges of this display area for presenting parametric or trend
flight information in an optimum format, with a desirable dark surround to
produce high contrast and improved legibility. This parametric/trend informa-
tion includes such data as airspeed, heading, altitude, angle of attack, and
time to go. And since the display is entirely electronic, when a larger dis-
play area is desired, as in a omultimode air-to-ground weapon delivery, the
entire Bl square iunches of the display is available for presenting wide angle
target area cwerage. This dewmonstrates the versatility of the all-electronic
display.

The priuncipal display modes of operation for the VDS are as follows with
recosaended formats for selected mission phases discussed in section 1.9.3.
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VDS Modes for Pilot Station

o Launch/Climbout and Enroute o Ground Mapping
(Cruise) o Weapon Delivery - Air-to-
o Recovery (Approach and Landing) Ground
o Terrain Following o Weapon Delivery - Air-to-Air
o Terrain Avoidance o Stationkeeping

The System Operator can select any of the display modes for the pilot's
station and requires the following modes in addition. The recommended formats

for the System Operator's station are discussed in sections 1.9.3.7 and 1.9.3.8.

VDS Modes for System Operator Station

o Standoff Weapon Attack - Midcourse Mode
o Standoff Weapon - Terminal Guidance Mode

1.9.3.1 Launch/Climbout and Enroute (Cruise) Mode

Figure 7 depicts the pilot's VDS during the climbout maneuver shortly
after launch from the aircraft carrier. As shown, the pilot is performing a
10o bank during a 5° climb. The VDS digplays the actual (1200 ft) and command
(1800 ft) altitude on the right hand side. The actual (250 knots) airspeed is
displayed on the vertical scale on the left hand side. Angle of Attack is dis-
played adjacent to the airspeed scale and reads 15 units. Vertical Velocity
is displayed adjacent to the altitude scale and shows a rate of climb in excess
of 1,000 feet per minute. The ectual (360°) and command (345°) heading scales
are shown at the top of the display. The (100) roll angle information is pre-
sented along the bottom of the VDS. Pitch (bars) are indicated as black solid
lines above the horizon, while negative pitch bars are shown as broken white
lines. The pitch ladder may contain bars at 5° intervals or 10° intervals to
provide the pilot more (or iess) precise pitch reference as required for spe-
cific modes. Dangerous weather (lightning symbol) is shown occurring approxi-

mately 27° to the left of his present course.

The "command" index is an open V-shape, while the "actual" index is a
pointed bar. When actual is equal to command information these indices com-

bine to form an arrow, thus:
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The basic VDS symbols used for the Launch/Climbout and Enroute Cruise

phases are also contained in the remaining phases as applicable.

The scale labels included in this drawing are:

Airspeed AS

Angle of Attack AoA
Altitude ALT
Vertical Veloclity v/v
Heading HDG

1.9.3.2 Recovery (Approach and Landing) Mode

Figure 8 depicts the VDS format for a carrier approach and recovery. In
addition to the normal horizon and aircraft reticle, certain other symbols have
been modified or added to reflect the requirement for precision flight path con-
trol. An angle of attack indicator similar to the one used in the HUD symbology
was added at the request of representatives of NADC. This indicator informs the
pilot if his angle of actack is above or below a desired value. For exact ab-
solute values the pilot can refer to the AcA indicator scale on the left of the
display. The pitch ladder has been expanded with the addition of pitch lines
at each So, to impro ¥ the pilot's pitch reference. The Precision Course
Vector Symbol (PCVS) gives the pilot azimuth and elevation steering commands,
as in the normal ILS. A velocity vsctor has been added to assist the pilot in
predicting his touchdown point. All of the symbology is shown projected over
a simulated view, or analog, of the real worid. On the periphery of the display
is presented both command and actual angle of attack, airspeed, and (radar)
altitude. Radar altitude is indicated by a boxed R just above the altitude
scale. Radar altitude is displayed up to 1000 feet and barometric altitude
from 1000 to 99,000 feet. In this figure the absolute (radar) altitude is 300
feet and the commanded altitude i{s 380 feet. Actual vertical velocity is also
presented. The heading scale has been expanded to provide more precise azimuth
steering information to the pilot. Also included on the display is a digital
readout of actual Mach, although this information is considered as secondary
information during the approach, but ugeful where avoidance of the transsonic
range i{s vequired. To the right of the PCVS symbol, the carrier deck (or
runway) symbol is shown. The centerline of the carrier deck and the arresting
cables (aiwing point(s)) are indicated by crosses. A wave-off command (pull up
syabol shown in Terrain Avoidance Mode) i{s projected when the approach does not

wmeat the requared flight path/air speed parateters.
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1.9.3.3 Terrain Following Mode

Figure 9 depicts the Terrain Following mode. This E-scen type display
contains symbols representing both present and predicted position with respect
. to the terrain. Two symbols originate at the same puint on the lefi edge of
i” the display. The origin point (depicted by circle) of the vectors indicates
. the present position as relative to the terrain directly below the aircraft.
The dashed line represents the aircraft velocity vector, indicating the point
of impact upon the terrain if the flight path does not change. The arrow,
the pitch vector predictor, rotates about its point of origin to indicate the
effect of the pilot's control actions upom the aircraft. The tip of the arrow
predicts the position of the aircraft after six seconds of flight. The point

of origin of both symbols movus against a scale which gives the pilot & readeut

e v = b = P

of his absolute altitude above the tervain.

Also added to the E-scan display is the aircraft reticle, hocizon ling,

-

i : roll markers and pitch indices, presented in the normal VDS display mode.
Heading, actual airspeed, Mach, and both actual and (upper and lower) command
alcitude are displayed o the pilot in this mode. The Pull Up Symbol, shown
in the Terraia Avoidance mode is presented when impact waroing is required.

e — s o e
g‘ni‘

1.9.3.4 Tegrain Aveidance Mode

The VDS display presentatien for the Terrain Avoidance Mode is shown in
Figure 10, Terrain Avoldange differs frum Terrain Following priwmarily in the
pilot's freedom of choice ro waintain his present ground track, ov to wake
course changes to maximize the tactical advantages of terrain wmagking. That
is, by selecting an opliswm Ilight path, down valleys and around terrain ob-
stacles, the pilot winiwizes the enemy's ability te detect and track his aie-~
ctaft by clectranic or visuval weans.

This wode presents the tervain elevation and vaunge in a series of shaded
and coded bands. Specilic ranges and coding options are in concurrence with
the present 4Dl display, as specified in the A-6 Flight Mawsal (refcrence 3).
The total range displayed (darkest terrain) is cight miles. ihe heavily banded
aren indicates 1/4 to 1/2 aile range, while the marrow banded area is }/4 to

l aile ahead of the aircrait's present position. AcA, AS, WDG, redar ALT, V/V,
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3 Mach and Roll information is presented in the peripheral (surround) area. Roil,
Climb and Bank information is shown in the same manner as the previously de- o
scribed modes. A split Altitude Command Symbol, indicating both upper and ;ti
lower altitude limits, as shown in Figure 9, could also be employed for this

mode if future operational requirements necessitate.

The velocity vector is presented as a black circle, shown in this figure
as centered in the Aircraft Reticle. Above and to the left of the reticle is
the white Flight Director Symbol. showing a "fly to" command, e.g., climb and
turn to the left. The Pull Up (Breakaway or Wave Off) command "X" is the
symbol shown by dashed phantom lines. The Pull Up command would be displayed
as a solid X, which blinks on and off at an optimum human aler:iing and detec-
tion rate, with the on/off rate increasing as the cundition becomes more crit-
ical. It would appear as the brightest symbol on the display in this, or any
of the other applicable modes. This symbol may appear in the Landing, Terrain
Following, Terrain Avoidance, Weapon Delivery (air-to-ground)} and in the

Stativnkeeping modes to denote critical "pull up" or "wave off" commands.

The Dangerous Weather Symbol would also appear in the Terrain Aveidance
1E: Mode if inclement weather conditions exist within 30° left or right of the

present flight path.
- A
1.9.3.5 Weapon Delivery Mode

Figure 11 presents a typical air-to-ground bomb attack wheve the pilct has
selected the radar sensor for the target acquisition display on the VDS. The
actual radar return utilized for this figure shows relatively rough terrain in
the foreground and a small airfield near the top of the picture. This figure
represents a point in Mission No. 1 profile shortly after the aircraft pop up
maneuver has been executed. In the total system concept hypothesized, the pilot
or the $.0. (perhaps using a different combination of sensors on his VDS) iden-
tifies the target and positions the diamond-shaped Target Designate Symbol {IDS)

L
Y
)

on the target aiming point. Upon receipt of the designation signal, the com-

o - A

puter solves the range and deviation from present aircraft heading. The computed
command heading (84°) is displayed along with the actual heading (90°) as in the

previous modes. Additionally, heading error is displayed as a 6° angular deviation
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’ between the white Command Track Line (CTL) which originates at the bottom of
the TDS and runs through the Velocity Vector/Aircraft Reticle symbols, and

the Present Track Line. Note: the CTL is sometincs referred to as the "Eomb

o fall line," or the "Bomb steering line'" in HUD terminology. The aircraft's
present track is indicated by the white Present irack Line (PTL), which is on
the vertical centerline of the VDS and is similer to the HUD term "Local
vertical.," The Bomb Release Line Symbol (BRLS) consists of white, double
pointed bars and is just above the aircraft reticle {n the figure. The Pull
Up Anticipation Cue Symbol is the white U-shaped symbol just above the -5°
pitch line. The large Pull Up Command "X" would be displayed in this mode

when appropriate.

The aircraft is presently pitched down approximately -g° with a 10° dive
commanded, as shown by the Command "Vs'" on either side of the -10° pitch lines.
As the pilot initiates the 6° left turn commanded, the CTL, TDS and ground map
will move to the right. As the pilot completes the turn, the Target Designator
Symbol will lie on the PTL. As the aircraft moves nearer the target the radar
g "picture" will move down the digsplay. The TDS will also move down the super-
aﬁ positioned CTL/PTL lines. The pilot will hold this heading until the TDS
reaches the open center of the BRLS . When the TDS is between the inward
points of the BRLS, the previously selected and armed stores will be auto-
matically released. At this time the BRLS and CTL will disappear, indicating

successful weapon release.

In addition to the symbols cummon to the other VDS modes, the "G" load
1s presented digitally and the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>